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Flooding across the Lower River Shannon basin occurred during a high rainfall event 
combined with high tides and storm surges in February 2014. Limerick City was one of 
the areas worst hit. As a result of the high-water levels generated during the storm event, 
a non-engineered embankment protecting the Saint Mary’s Park area in Limerick City 
failed and allowed flood waters to enter properties on the low-lying areas of this small 
island community destroying homes.  
This thesis identifies design improvements to the embankments along the River Shannon 
to protect against climate change.  
A review of geotechnical site investigations carried out in the Limerick City region was 
carried out to inform the method for improvement works. Data gathered indicated the 
presence of soft clay in many areas along the River Shannon. The parameters gathered 
were used to generate geotechnical models of generalised ground profiles in the region 
and the settlements resulting from increased loadings resulting from embankment 
increases were estimated, along with an analysis of bearing capacities of the soils. 
An analysis of previous flood events, published River Shannon Catchment Flood Risk 
and Management Study maps, and published topographical data identified areas 
vulnerable to flooding, and also a priority assigned to each based on the consequence of 
flooding at these locations  
The risk register developed as part of this study identifies areas along the River Shannon 
where the embankments are at risk of being overtopped as a result of increased flood 
levels arising from climate change. A series of actions are presented for difference 
locations dependent on the ground conditions encountered and a timeframe for these 
actions. The priority level of the improvements to embankments is a function of the risk 
and consequence of flooding.  
The outcome of the strategic embankment improvement programme identifies the 
Castletroy Wastewater Treatment Plant as an area at risk and requiring urgent action. The 
hydraulic modelling completed with this thesis outlines the effectiveness of the 
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Flooding is an important process in the natural environment and can’t be prevented 
completely. The problems accompanying flood events are accelerating in international 
significance with devastating flooding experienced on all continents over the last decade 
(Huber and Gulledge 2011). Populations have always opted to live near water for social 
and economic reasons with approximately 23% of the world’s population living in near-
coastal areas (Dodman 2009). For that reason, the aim of flood risk management is to 
reduce the risk to people, communities and other uses of floodplains and limits risks to 
properties of flooding by reducing and managing the floods (DEFRA 2009). 
Flooding in Ireland frequently occurs as a result of high intensity storms which cause 
rivers and other water bodies to overflow. The Atlantic Ocean is the leading influence on 
Ireland’s climate and as such, Ireland does not suffer from extremes in temperature or 
extreme weather events such as tropical storms or hurricanes (Met Éireann 2020). 
However, many storms are generated over the Atlantic and travel towards Ireland which 
lead to flooding particularly along the south-west and west coast. 
The River Shannon catchment is the largest in Ireland and drains approximately 12,000 
km2 upstream of Limerick City. 
Limerick is Ireland’s third largest city and is home to many residential properties along 
the River Shannon. These communities have been in place since the 1980’s and there is 
a desire for many to remain in these communities. There is a history of flooding in the 
Lower River Shannon, with events in November 2009, January/February 2014 and 
December 2015 being the most severe. Flooding across the Lower River Shannon basin 
occurred during a high rainfall event combined with high tides and storm surges in 
February 2014. Limerick City was one of the areas worst hit. As a result of the high-water 
levels generated during the storm event, a non-engineered earthen embankment 
protecting the Saint Mary’s Park area in Limerick City failed and allowed flood waters to 
enter properties on the low-lying areas of this small island community. 
These areas along with many others in the Lower Shannon Region, remain at risk from 
flooding in the future. Due to increasing severity and occurrence of flooding in the area, 
increasing the level of the flood protection measures is required to minimise the risk of 








1.1 Aims and Objectives 
This project identifies areas where improvements to the standard of protection of the 
embankments along the River Shannon between the University of Limerick and Shannon 
Bridge in Limerick City are required to protect against future flood events linked to 
climate change. Thus, aiming to mitigate any future flooding in the community. The 
development of the embankments upgrade and maintenance measures forms the basis of 
this thesis. 
Climate Change and the Impact on Limerick City's Flood Embankments 
The study will be conducted in the following phases: 
• Phase 1 
Identify areas vulnerable to flooding in the Lower Shannon Region, by assessing 
flood history and Shannon Catchment Flood Risk and Management Study maps, 
and developing a 1 in 100 and 1 in 1000-year flood level inclusive of climate 
change predictions; 
• Phase 2 
Examine previous geotechnical site investigations carried out in Limerick City 
and environs near the River Shannon and develop of generalised ground profiles 
and associated geotechnical parameters. Carry out settlement and bearing capacity 
analyses on the generalised ground models developed based on the information 
gathered; 
• Phase 3 
Develop a strategic level improvement programme with general recommendations 
for bolstering existing earthen flood defences. 
• Phase 4 











1.2 Structure of thesis 
The remainder of this thesis is structured as follows: 
• Chapter 2, an overview of flood risk and hydrology in the lower Shannon 
catchment and the value of earthen embankments as a form of flood defence; 
• Chapter 3: Assessment of areas at risk; identification of areas in Limerick City 
and environs at risk of flooding 
• Chapter 4: site investigation data for the Shannon Catchment in Limerick City & 
geotechnical analysis and results of ground conditions in the Lower Shannon 
Catchment in Limerick City; 
• Chapter 5: Strategic Embankment Improvements; 
• Chapter 6: Assessing the Impact of the Strategic Embankment Improvement 
Scheme; 
• Chapter 7: Discussion of Findings; 
• Chapter 8: Conclusions;  



























2 Literature Review 
2.1 History of the River Shannon 
The River Shannon has a long and diverse history. Since early times, the River Shannon 
offered such a natural waterway that it was put to good use not only by the native 
population for the carriage of goods but also by Viking invaders who used it to penetrate 
deep into the country, hauling their long-boats over the shallows. However, it was not 
until the eighteenth century that people began to consider ways of improving the 
navigation. 
Clonmacnoise was an early Christian site founded by Saint Ciarán in the mid-6th century 
on the eastern bank of the River Shannon at a point where the north-south route provided 
by the river met the east-west route along the esker ridges of the Eiscir Riada, is the site 
of an early bridge across the river. The site was home to a cathedral, seven churches (10th 
to 13th century), two round towers, three high crosses and the largest collection of early 
Christian grave-slabs in Western Europe (National Monuments Service 2016).  
Foynes Harbour was first surveyed in 1837 and was identified as a potential port 
development location. The initial substantial works were carried out in 1846, with the 
construction of a masonry wharf 83 m long and 12 m wide, in the location now known as 
the West Quay. This wall is still in place at berth one. 
There are three user-owned terminals on the Shannon Estuary. The jetty at Tarbert was 
commissioned in 1969 to serve the oil-fuelled power station constructed there and fuel 
storage facilities are being maintained by the National Oil Reserves Agency (NORA). 
Across the Estuary from Tarbert, on the County Clare side, lies Moneypoint terminal, a 
dedicated facility for coal used to fuel the Electricity Supply Board (ESB) owned 
generating station on site. The plant went into full production during 1987. Close to 
Foynes, at Aughinish Island, the jetty dedicated to bauxite and alumina cargoes was 
constructed to serve the alumina producing plant which went into production in 1983 
(Shannon Foynes Port Company 2011). 
In 1929, the ESB commissioned the Ardnacrusha Hydro Station, which was the 
company’s first station (ESB 2016). At the time, the 86 MW capacity was enough to meet 









2% of the country’s installed demand). A weir at Parteen splits the flow of the River 
Shannon into two separate flows. One flow continues in the natural channel via 
Castleconnell and the second flow is diverted through a man-made headrace to 
Ardnacrusha electricity generating station. The flow passes through the power station and 
re-joins the natural channel just upstream of Limerick (see Figure 2-1). Floodwaters pass 
down the natural channel by opening sluice gates in Parteen Weir. Following the 
construction of the scheme, the natural channel receives a base compensation flow of up 
to 400 m3/s with the next 400 m3/s used for electricity generation at Ardnacrusha 
Hydroelectric Power station. However, it should be noted that the volumes released are 
dependent on the water levels at Parteen Weir. 
 
Figure 2-1: Locations of Ardnacrusha and Parteen Weir relative to River Shannon 
The River Shannon has provided a source of navigation and business for centuries along 
the entire length, but particularly in Limerick City. Trade in Limerick improved in the 
17th century when constraints imposed during the Elizabethan wars were lifted. In the 
reign of James 1st, Limerick was granted a Royal Charter in 1609, giving the Mayor and 
Sheriff of Limerick authority over the Shannon estuary, extending into the counties of 













Island). The Port of Limerick also linked to the east coast through the inland Shannon 
Navigation on the completion of the Grand Canal in 1804. 
The growth in development on the River Shannon floodplain has impacted on the natural 
flow paths of flood water. The impacts of such development are discussed in detail in the 
following sections. 
2.2 River Shannon 
The River Shannon Catchment (as shown in Figure 2-2) is the largest river catchment in 
Ireland, and covers approximately 17,800 km2, more than 20% of the island of Ireland. 
The River Shannon rises in the Shannon Pot in the Cuilcagh Mountains between counties 
Cavan and Fermanagh. The river flows in a southerly direction before turning west and 
discharging through the Shannon Estuary to the Atlantic Ocean. While the River Shannon 
is 260 km long from its source to the Shannon Estuary in Limerick City, over its course 
the river falls less than 200 m. Significant tributaries of the Shannon include the Inny, 
Suck and Brosna. There are several lakes in the catchment with three major lakes on the 
River Shannon; Lough Allen, Lough Ree, and Lough Derg.  
 









There is a limited fall between Lough Allen in County Leitrim and Parteen Weir near 
Limerick; approximately 15 m over this 223 km stretch (see in Figure 2-3). Furthermore, 
the fall between the outlet from Lough Allen and the Lough Derg outlet (190 km) is only 
13 m (ESB International 2000).The ordinary summer level is the water level of each reach 
of the Shannon as retained by the water level control structures.  
 
Figure 2-3: Longitudinal Section of River Shannon (Jacobs 2014)1 
 
1 To get Malin Head datum from Poolbeg datum, subtract 2.7 m.  

























2.2.1 Hydrology of the River Shannon 
The presence of the lakes and the relatively small fall between the outlet of Lough Derg 
and inlet of Lough Allen has a marked effect in attenuating run-off resulting in a lag of 
many days between casual rainfall and resultant river flow. Moreover, the slow moving 
waters means any flood waters remain on the flood plains for long periods (ESB 
International 2000). The lag time between Lough Allen and Lough Ree, a distance of 75 
km, is estimated to be five days (ESB Energy International 2011). 
Downstream of Lough Derg, the Ardnacrusha hydroelectric scheme was built in the 
1920’s. The main works were carried out between 1925 and 1929 under the Shannon 
Electricity Act 1925. These included the construction of a gated spillway weir at Parteen, 
the adjoining intake to the head-race canal, the protection embankments at Fort Henry 
and Ardclooney, the head-race canal, Ardnacrusha Power Station; tailrace and navigation 
locks (see Figure 2-4). 
A weir at Parteen splits the flow of the River Shannon into two separate flows (see Figure 
2-4). One flow continues in the natural channel via Castleconnell and the second flow is 
diverted through a man-made headrace to Ardnacrusha electricity generating station. The 
flow passes through the power station and re-joins the natural channel just upstream of 
Limerick City.  
Floodwaters pass down the natural channel by opening sluice gates in Parteen Weir. 
Following the construction of the scheme, the volumes of water are dependent on the 
water level at Parteen Weir. The magnitude and duration of release rates influences the 
degree of flooding along the Shannon River, both upstream (e.g. Athlone), and 
downstream of Ardnacrusha. For example, in January/ February 2014, flows of up to 200 
m3/s were released down the natural channel in additional to the maximum capacity of 
400 m3/s being diverted to Ardnacrusha.  
During floods, the water level at Parteen weir is reduced to around 32.70 mAOD2 (the 
ESB endeavour to maintain a minimum level of 32.80 mAOD) (Cullen 2002). ESB 
records show that the exceptional reservoir level in Lough Derg has only been exceeded 
on two occasions: 34.01 mAOD in February 1995 and 34.33 mAOD in November 2009, 
 









although a level of 34.10 mAOD was recorded in January 1925, prior to commissioning 
of the hydro-electric scheme.  
 
Figure 2-4: Layout of the Shannon Hydroelectric System (ESB 2016)  
Maintaining freeboard is vital to the safety of the dam and prevents overtopping, which 









ESB International (2000) records show the frequency and size of large flows along the 
River Shannon between Parteen weir and Athlunkard Bridge are considerably less than 
those which occurred before the construction of the Ardnacrusha hydro-electric scheme  
Flow in the natural channel receives reduced flows since the construction of the Scheme 
in the 1920’s. 
The conveyance capacity of the channel is now much reduced due to the accumulation of 
alluvial material and subsequent encroachment of riparian zone3. The channel is no longer 
able to cope with flood water releases from Parteen Weir and runoff into the residual 
catchment (the Mulkear sub-catchment). This has contributed to several flooding issues 
in the Clonlara area in recent years with farmland and houses severely affected.  
2.2.2 Bodies Responsible for the Operation & Maintenance of the River Shannon 
Office of Public Works 
The Office of Public Works (OPW) is the lead agency for flood risk management in 
Ireland and coordinates and implements government policy. The OPW carries out 
maintenance of Arterial Drainage Schemes on river channels but does not have 
responsibility for maintaining the Rivers Shannon and Suck. The OPW is also responsible 
for implementing and maintaining Flood Relief Schemes and provides funding to Local 
Authorities for minor flood alleviation schemes. The OPW also provide the public with 
information regarding flood risk and preparation and they also archive records of all flood 
events in Ireland (OPW 2020). 













Electricity Supply Board  
The Electricity Supply Board (ESB) has a mandate to produce electricity and its 
responsibilities on the River Shannon relate to the hydro-electric scheme, of which 
Ardnacrusha power station is the central point. The ESB manages Lough Derg, Lough 
Ree and Lough Allen in accordance with ‘Regulations and Guidelines for the Control of 
the River Shannon’ (Jacobs 2014). It should be noted that these guidelines have no legal 
basis but reflects the results of longstanding consultation with key affected parties and 
aims to: 
• Ensure dam safety 
• Maintain navigation levels which in turn assures adequate water supply and 
quality for Local Authorities and Inland Fisheries Ireland; and 
• Minimise flooding for the agricultural sector and general public. 
Irish Farmers Association 
The Irish Farmers Association (IFA) represents numerous farmers in the Shannon 
catchment and is concerned about the noticeable increase in flooding to their land since 
1994 (Jacobs 2014). 
National Parks & Wildlife Service 
National Parks & Wildlife Service (NPWS) prepares and manages policy relating to the 
natural environment and has national and international responsibilities. Under the Birds 
and Habitats Directives and Wildlife Acts, the Shannon callows has been designated as a 
Special Protection Area (SPA), Special Area of Consultation (SAC) and National 
Heritage Area (NHA). The role of NPWS is to secure the conservation of ecosystems and 
maintain or enhance populations of flora and fauna. Habitats include turloughs, fens 
(which are often sensitive to water level fluctuations), lakes, rivers, bogs and important 
floodplain habitats such as the Shannon callows. The extent of the Lower River Shannon 
SAC is shown in Figure 2-5 and is data was obtained from the Department of Culture, 











Figure 2-5: Lower River Shannon SAC indicated in yellow. Data adapted from 
Department of Culture, Heritage and the Gaeltacht (2019) 
The Lower River Shannon SAC is a large site the encompasses the lower reaches of the 
River Shannon extending from just south of Lough Derg at Killaloe to a line drawn from 
Loop Head to Kerry Head at the west. The Mulkear and Feale rivers are included in the 
site as well as the lower portions of others, such as the Fergus and Maigue (Department 
of Arts, Heritage and the Gaeltacht 2013).  
Waterways Ireland 
Under the British-Irish Agreement 1999 Part II Waterways Ireland and Shannon 
Navigation Acts 1990, Waterways Ireland (WI) is the body responsible for the 
management, maintenance, development and restoration of the Shannon Navigation 
principally for recreational purposes. WI works closely with the ESB to ensure levels in 










2.2.3 Shannon Catchment Flood Risk and Management Study 
The National Catchment Flood Risk and Management Study (or CFRAMS as it’s more 
widely known) was initiated to implement some of the key recommendations from the 
Flood Policy Review Group and is intended to meet the requirements of the EU Floods 
Directive (OPW 2018). It was developed to prepare flood maps and flood risk 
management plans, focusing on areas where the risk is understood to be most significant. 
These Areas for Further Assessment (AFA’s) are identified through the Preliminary 
Flood Risk Assessment (PFRA). 
The CFRAM studies were commissioned during 2011 and early 2012, and produced 
detailed flood maps for the AFA's, in line with the EU ‘Floods’ Directive. The studies 
also produced Flood Risk Management Plans set out a long-term strategy and define and 
prioritised measures, to reduce and manage the flood risk. 
The Shannon CFRAMS also includes a collection of the available flood defence assets 
within the Shannon Catchment.  
A database of all CFRAMS maps and Flood Plans is available to view at floodinfo.ie 
(OPW 2019). 
The relevant map of the Shannon catchment will be explained in greater detail in Section 


















2.3 Flood Risk Management 
In Ireland, there was little definitive legislative guidance in relation to development in 
areas of potential flood risk in Ireland until November 2009. “The Planning System and 
Flood Risk Management Guidelines” were published by the Department of Environment, 
Heritage and Local Government (2009). While there was a general awareness of flood 
risk from the early 2000’s with the Report of Flood Policy Review Group (published in 
2004) and the Greater Dublin Strategic Drainage Study (published in 2005), these 
guidelines were the first to be published in Ireland with the purpose of addressing the 
management of flood risk.  
The aim and objectives of the guidelines are to: 
• Avoid inappropriate development in areas at risk of flooding; 
• Avoid new developments increasing flood risk elsewhere, including that which 
may arise from surface water run-off; 
• Ensure effective management of residual risks for development permitted in 
floodplains; 
• Avoid unnecessary restriction of national, regional or local economic and social 
growth; 
• Improve the understanding of flood risk among relevant stakeholders; and  
• Ensure that the requirements of EU and national law in relation to the natural 
environment and nature conservation are complied with at all stages of flood risk 
management. 
The basic steps, are shown in Figure 2-7 and involve carrying out assessment before and 
after flood alleviation works are carried out.  
 
Figure 2-7: Basic steps of risk management process (Tingsanchali 2012)  
The Flood Risk Management Guidelines give guidance on flood risk and development. 



















management in the planning system. The core principle of the guidelines is to adopt a risk 
based sequential approach to managing flood risk and to avoid development in areas that 
are at risk. The sequential approach is based on the identification of flood zones for river 
and coastal flooding. 
The guidelines include definitions of Flood Zones A, B and C as noted below. It should 
be noted that these do not consider the presence of flood defences, as there remain risks 
of overtopping and breach of the defences.  
Flood Zone A (high probability of flooding) refers to lands where the probability of 
flooding is greatest (greater than 1% or the 1 in 100 for river flooding and 0.5% or 1 in 
200 for coastal flooding).  
Flood Zone B (moderate probability of flooding) refers to lands where the probability of 
flooding is moderate (between 0.1% or 1 in 1000 and 1% or 1 in 100 for river flooding 
and between 0.1% or 1 in 1000 and 0.5% or 1 in 200 for coastal flooding). 
Flood Zone C (low probability of flooding) refers to lands where the probability of 
flooding is low (less than 0.1% or 1 in 1000 for both river and coastal flooding).  
 
These steps along with adequate preparation for flood events, help to reduce flood 
damages during flood events.  
These provide guidelines for development restrictions within the designated zones. 
Developments are generally considered inappropriate due to the raised flood risk in Flood 
Zone A but may occur in exceptional circumstances, for certain developments and where 
a justification test is carried out as part of a flood risk assessment. Developments 
considered acceptable within Flood Zone A include docks, marinas, amenity open space, 
and outdoor sports and recreation areas (Department of Environment, Heritage and Local 
Government 2009).  
In some cases, developing on a designated flood zone is unavoidable. This leads to the 
need for a flood defence or control mechanism to be utilised. These are used to prevent 










2.3.1 Flood Embankments 
Flood embankments are a form of flood defence used to protect lands on and adjacent to 
flood plains from river and coastal flooding, generally in the form of earthen 
embankments, contain flood waters during a flood event. 
To ensure flood management systems achieve peak performance, it is important to 
understand the nature and variability of typical flood embankments.  
The basic form of a flood embankment is trapezoidal in cross section, similar to the one 
shown in Figure 2-8, with a horizontal crest and sloping inner and outer faces. Flood 
embankments have a wider footprint than a flood wall and require much more space.  
 
Figure 2-8: Typical Flood Embankment (Ackers et al. 2010) 
Figure 2-8 and Figure 2-9 highlights typical features of a flood embankment including: 
• Embankment body 
The main embankment structure providing the mass barrier against flood water; 
• Toe of embankment 
The bottom of either the outward or inward embankment faces; 
• Inward face 
The embankment face exposed directly to water to varying degrees; 
• Outward face 
Embankment face on the landward side and not, normally, exposed directly to 










• Embankment crest 
Top of the embankment, normally flat and (ideally) several metres wide for safe 
access; 
• Berm 
Horizontal addition to the basic trapezoidal cross-section, to provide additional 
soil mass or access - generally on landward side. 
 
Figure 2-9: Typical features of a flood embankment (Morris et al. 2007) 
Due to the often highly permeable river sand and gravel deposits over low-permeability 
overburden of silt and clay build-up of the floodplain, there is a potential for groundwater 
flow to take place beneath the embankment. Ackers et al. (2010) in Chapter 9 of the 
Fluvial Design Guide recommend a clay core to reduce seepage through the embankment 
(if required). This can be trenched into the foundation to reduce seepage underneath the 
embankment as shown in see Figure 2-8. 
Flood Embankments are designed for a particular flood return period. For floods greater 
than the design return period, there is a risk that flood waters will overtop the 
embankment. This can result in flooding of the land behind the embankment and in many 
circumstances; it can be severe enough to result in embankment failure. 
Research into the performance of flood embankments in the United Kingdom carried out 
by Bettess and Reeve (1995) in conjunction with HR Wallingford identified a number of 
problems were associated with earthen embankments: 
• Groundwater seepage below or through the embankment; 
• Flow over embankments; 
• Surface erosion resulting from: 
▬ Flows over embankments; 









▬ Wave action and; and 
▬ Operation of sluices resulted in the damage shown in Figure 2-10; 
• Mass failure; 
• Land drainage problems due to embankments and flap gates; and 
• Maintenance, control of vegetation. 
Figure 2-10 is an example of embankment failure on the Condell Road in Limerick City. 
 
Figure 2-10: Example of embankment failure on the Condell Road, Limerick City 
2.4 Flood Embankment Maintenance 
Although planning guidance and non-physical measures to reduce flood risk are a vital 
and growing aspect of flood risk management, the need to build, monitor and maintain 
hard defences remains important to the alleviation of flood risk. 
There are different agencies involved in this work throughout the globe, a number of these 










2.4.1 Office of Public Works 
The OPW is the Irish body through which Central Government exercises its statutory 
responsibilities for river drainage and flood relief. It derives its statutory authority from 
the Arterial Drainage Acts 1945 and 1995, and the European Communities (Assessments 
and Management of Flood Risk) Regulations 2010. The OPW have carried out works on 
major and minor arterial schemes since 1948.  
Currently in Ireland, the OPW manage and maintain flood embankments and coastal 
protection schemes. The OPW note that many of the earthen embankments are not 
engineered. The embankments were originally constructed to provide protection to 
agricultural land, and that were not constructed to the modern engineering standards that 
would be applied now when providing urban flood protection. A detailed geotechnical 
structural and stability assessment of the existing embankments would need to be 
undertaken to confirm the level of protection currently provided. Detailed hydraulic 
modelling would also be required to determine the standard of protection offered by the 
embankments. This is discussed later in this dissertation, and the importance of 
undertaking hydraulic modelling to ascertain the level of protection of flood 
embankments, currently and into the future. 
The schemes are broken into Major, Minor and small for river catchments depending on 
the ‘Areas Benefiting’ and the OPW also provide Estuarine Embankment Schemes. The 
benefiting areas are the area of lands that might benefit from the implementation of 
Arterial Drainage Schemes (under the Arterial Drainage Act 1945) and indicate areas of 
land subject to flooding or poor drainage.  
A list of OPW schemes can be seen in Table 2-1 to Table 2-4, and are broken into Major, 
Minor, Small and Estuarine schemes along with the duration of the works and the 










Table 2-1: Extract from the OPW Arterial Drainage Maintenance Programme 
2011 – 2015 indicating the works carried out by the OPW (OPW 2012) 
Major Schemes (River Catchments over 40,469 hectares) 
Scheme Duration of Works Benefiting Areas (ha) 
Brosna 1948-1955 34883 
Glyde & Dee 1950-1957 10643 
Feale 1951-1959 10724 
Corrib-Clare 1951-1964 30310 
Maine 1959-1963 4694 
Inny 1960-1968 20234 
Deel 1962-1968 4816 
Moy 1960-1971 24685 
Corrib-Headford 1967-1973 7851 
Boyne 1969-1986 48157 
Maigue 1973-1986 12343 
Corrib-Mask-Robe 1979-1986 9712 
Boyle 1982-1992 10845 
Blackwater (Monaghan) 1984-1992 2367 
 
Table 2-2: Extract from the OPW Arterial Drainage Maintenance Programme 
2011 – 2015 indicating the Minor Scheme works carried out by the OPW (OPW 
2012) 
Minor Schemes (River Catchments between 10,117 and 40,469 hectares) 
Scheme Duration of Works Benefiting Areas (ha) 
Nenagh 1955-1960 2630 
Ballyteige/Kilmore 1959-1961 931 
Broadmeadow & Ward 1961-1964 2995 
Killimor/Cappagh 1962-1968 5099 











Table 2-3: Extract from the OPW Arterial Drainage Maintenance Programme 
2011 – 2015 indicating the Small Scheme works carried out by the OPW (OPW 
2012) 
Other Small Schemes (River Catchments less than 10,117 hectares) 
Scheme Duration of Works Benefiting Areas (ha) 
Clareen 1959-1961 445 
Ouvane 1962-1963 162 
Matt 1964-1965 202 
Duff 1963-1965 1947 
Brickney 1965-1967 405 
Abbey 1964-1967 364 
Knockcroghery 1967-1968 202 
Creegh 1968-1969 405 
Burnfoot/Skeoge 1968-1970 162 
Kilcoo 1969-1971 162 
Owenavorragh 1968-1970 1052 
Carrigahorig 1968-1971 1538 
Groody 1970-1973 1214 
Deel and Swillyburn 1957-1961 1416 
Cloonburn 1967-1968 162 
 
Table 2-4: Extract from the OPW Arterial Drainage Maintenance Programme 
2011 – 2015 indicating the Estuarine Embankment Scheme works carried out by 
the OPW (OPW 2012) 
Estuarine Embankment Schemes 
Scheme Duration of Works Benefiting Areas (ha) 
Shannon (Limerick) 1962-1971 4897 
Shannon (Clare) 1958-1960 728 
Fergus 1959-1963 2185 
Owenogarney 1955-1959 850 










One of the maintenance roles undertaken by the OPW is the maintenance of river and 
coastal embankments “in a condition that protects benefiting lands to the extent defined 
in the scheme, from risk of flooding” (OPW 2012).. 
The OPW typically maintain the embankments in a 5-year cycle with approximately 
2,200 km of channel maintained each year. 
Embankments are scheduled for works when it is deemed that the structure needs repair 
to maintain an effective condition. Repair works normally take the form of topping up 
clay embankments to design height and structural strengthening by importing rock/soil 
material or utilising in-situ material. 
The Shannon Embankments are currently undergoing refurbishment works, due to their 
importance to flood defence for Limerick City. 
During a routine inspection of its flood defence along the embankment at Coonagh, one 
of the sluice outfalls had collapsed. Flooding in the Caherdavin area in Limerick City in 
September 2019 resulted from emergency repair works on a sluice outfall in the 
embankment at Coonagh that were not able to be repaired due to the high tide. 
“The function of the sluice outfall allows the discharge of water from the area protected 
by the embankment to the estuary, and during high tides prevents tidal waters in the 
estuary backing up in to the protected area” (Raleigh 2019) 
A temporary bund/embankment was put in place with the aim of preventing water 
entering the protected area. Unfortunately, the temporary measure failed and as such tidal 
waters entered the area. 
The OPW acknowledged that in trying to repair the damage to the sluice, the temporary 
structures did not provide the level of protection provided by the embankments and did 










2.4.2 United States Army Corps of Engineers 
There are several organisations that maintain flood embankments/levees across the 
United States of America. The United States Army Corps of Engineers (USACE) 
maintain an inventory of levee systems and inspect and assess approximately 2,500 across 
the United States. USACE operates the Levee Safety Programme, which works to better 
understand, manage and reduce the flood risks associated with levees. Figure 2-11 
illustrates the methodology used in assessing and maintaining the flood embankments 
under their remit. Their focus in on inspections to manage the embankments. 
 
Figure 2-11: USACE Key Levee Safety Activities (USACE 2016) 
Flood risk and levee condition are dynamic. Embankments change over time: banks 
erode, closures rust, animals burrow, and pumps wear out. Ongoing monitoring and 
observation are needed to ensure that embankment infrastructure will perform properly 
during a flood event. USACE regularly inspects levees within its Levee Safety Program 
to monitor their overall condition, identify deficiencies, verify that necessary maintenance 











Inspection rating is based on the embankment inspection checklist, which includes 125 
specific items dealing with operation and maintenance of embankments, floodwalls, 
interior drainage, pump stations, and channels, see Table 2-5 for further information. 
Table 2-5: USACE Embankment Inspection Ratings (USACE 2016) 
Acceptable All inspection items are rated as Acceptable 
Minimally 
Acceptable 
One or more inspection items are rated as Minimally 
Acceptable or one or more items are rated as Unacceptable and 
an engineering determination concludes that the Unacceptable 
inspection items would not prevent the segment/system from 
performing as intended during the next flood event. 
Unacceptable One or more inspection items are rated as Unacceptable and 
would prevent the segment/system from performing as 
intended, or a serious deficiency noted in past inspections 
(previous Unacceptable items in a Minimally Acceptable 
overall rating) has not been corrected within the established 
timeframe, not to exceed two years. 
 
Following inspections, the system assigns risk based on the hazard, performance and 
consequences (Figure 2-12). 
 
Figure 2-12: USACE Risk Assessment (USACE 2016) 
Classing levees in a risk context is a consistent method to prioritize actions on flood 
embankments. This risk classification is utilised by the Environmental Agency in the 









2.4.3 United Kingdom Environmental Agency 
The UK Environmental Agency, along with operating authorities and owners, manages 
over 7500 km of flood embankments (both coastal and river) in England and Wales. 
The agency carried out research to prepare a guidance document on the Management of 
Flood Embankments in conjunction with the Department for Environment, Food and 
Rural Affairs (DEFRA). The research is part of the Flood and Coastal Erosion Risk 
Management R&D Programme. The report outlined an asset management framework for 
flood embankments and includes a review of good practice for embankments. The report 
also outlines the procedure for risk assessment and risk management.  
The report introduces the Source-Pathway-Receptor (S-P-R) model and demonstrates the 
link (and difference) between risk and consequence and provides a useful basis for 
considering flood risk management options. The flood risk is assessed as the average 
yearly damages to receptors attributed to that embankment. This is the approach 
undertaken later in this study. 
The DEFRA report prepared by Morris et al. (2007) identified the risk management 
options as: 
• reducing the source of flood risk (water level); 
• likelihood of occurrence (failure or overtopping of embankment); 
• consequence of failure (impact, flood warning, awareness); and  
• insurance through risk transfer. 
2.4.4 CIRIA 
Smith et al. (2013) provide guidance on how to improve asset monitoring programmes 
through the collection and analysis of quantitative asset data and on carrying out condition 
assessments of embankments in a report prepared for CIRIA C717. 
The principal modes of failure associated with earth embankments are outlined in Table 
2-6 along with the physical evidence of potential problems with each failure mode. Table 
2-6 identifies that while most of the failure modes display physical evidence of potential 









Table 2-6: Illustration of details of typical failure modes for an earth embankment (Smith 
et al. 2013)  









Flooding occurs without breach 
of the defence due to water level 
exceeding the crest height 








Water running down outer slope 
leads to degradation of surface 
protection and eventual erosion 
of outer slope over time. 
Eventually leads to a breach of 
defence 
Crest height  
Grass quality  
Slope angle 
Rutting of crest 
Crest height below 
Standard of 
Protection (SOP) 




Geotechnical weaknesses initiate 
slipping or sliding of either 
slope. Range of potential causes 
such as poor design, third party 
damage etc. Subcategories 
include circular slipping, sliding, 
deep seated failure etc 
Crack width  
Slip distance  
Slope angle  
Slip width 
Slip height  
Slip circle radius  
Soil coefficients 
Cracking, slumping 
or uplift evident  
Slope movement 
Animal burrowing  
Third party damage 
to slope or toe 
Piping 
A pathway for water to pass 
through or under the 
embankment forms (due to poor 
soil condition and/or vermin 
infestation etc). Water seeps into 
the asset washing out fill 
material. Eventual creation of a 
piping channel from inner to 
outer side of embankment and 




Soil coefficients  




Signs of seepage 
Presence of washed 
out fines  





Rear of the embankment or the 
ground behind the embankment 
is washed away, weakening the 
structure. It can be caused by 
many sources such as excessive 
seepage through or behind the 
embankment caused by weak 
soils and high-water levels or 
deep cracks in the embankment. 
The presence of foreign objects 
such as drains or pipes carrying 




Slump dimensions  
Crack length  
Crack width  
Crack depth 
Erosion/slumping of 
outer slope, crest or 
ground behind asset.  
Presence of washed 
out fines in or 
around outer slope 











2.5 Embankment Design 
Lewis (2014) notes that there are design considerations that need to be investigated to 
ensure safety of embankments, these are: 
• Bearing Capacity 
• Settlement 
• Batter of slopes must be stable and resistant to movement under different 
operating conditions, including rapid drawdown following flooding; 
• Battered slope of the upstream side must be able to withstand across-water wave 
actions; 
• Safety from overtopping by flood inflow and wave action; 
• Requirement for a suitable freeboard; and 
• Seepage through the embankment or beneath the foundations to prevent piping or 
tunnelling along lines of weakness through or under the dam. 
Overtopping of a defence does not necessarily result in failure – the defence may have 
been designed to be resilient if overtopped. However, if the defence collapses during 
overtopping, the consequences may be more severe than if there were no defence. 
2.5.1 Geotechnical Characteristics of Flood Embankments  
Dyer et al. (2007) reviewed the basic geotechnical mechanisms to understanding the 
performance of flood defence embankments. 
Embankments are typically constructed of locally available fill material, which can be 
relatively poor-quality fill not normally used in infrastructure construction and often 
includes organic highly plastic alluvial clays. 
By their very nature, flood embankments are located on floodplains underlain by recent 
geological deposits of fluvial or estuarine sediments compromising soft alluvial clays, 
river gravels and sands in addition to organic peaty soils. 
Flood embankments are often constructed using partially saturated soils which remain in 









Although embankments may remain in a partially saturated state, during flood events, 
they can be subject to extreme hydraulic loading with potential overflow for fluvial 
embankments.  
Embankments are often subject to seasonal wetting and drying which can accelerate the 
rate of weathering and softening of the embankment fill. 
Embankments can be subject to a system of erosion, sediment transport and deposition 
within the river channel that can lead to erosion at the toe and river channel migration, 
which can result in slope instability. 
2.5.2 Bearing Capacity 
The necessity to construct embankments on soft soil arises from the requirement to 
construct roads, hydroelectric plants, harbour installations and flood-control works. 
The main problems are the high compressibility and low permeability of the underlying 
deposit together with very low undrained shear strength, (cu). Low undrained shear 
strength can cause stability issues during the construction of the embankment and this 
issue needs to be accounted for within the design. In cases where the designer cannot 
achieve the required Factors of Safety (FoS) for stability or limit the settlements to an 
acceptable degree, different ground improvement or reinforcement methods can be used. 
The high compressibility of soft soil makes it difficult to ensure that deformations are 
within the acceptable limits, which must be defined to account for the entire working or 
design life of an embankment. Understanding the influence of the soil properties and 
fundamental characteristics on the primary and secondary consolidation is crucial for an 
adequate Serviceability Limit State (SLS) design. For embankment on soft soils, many of 
the settlements will occur after construction as the excess pore pressures dissipate slowly. 
Constructing embankments on soft soils presents several difficulties including the 
increased risk of bearing capacity failure.  
Construction on impermeable clays results in uncertainty to the long-term state of the 
embankment. 
The weight of the fill induces settlements when placed on compressible soils. The 









compressibility of the foundation soil (Schroeder et al. 2004). The rate of settlement is 
determined by the co-efficient of consolidation (cv) which is a function of the foundation 
soils permeability (k) and the efficiency of the subsurface drainage. If settlements are 
significant and take place over a long period of time, structures supported on the fill 
surface may be damaged.  
Burland et al. (2012) recommend a factor of safety against a bearing failure of between 
1.3 – 1.4 for earthen dams where best estimate strength parameters are used. Worst 
credible parameters can also be derived from the back analysis of failed embankments as 
these parameters equate to a factor of safety of just less than 1.0 immediately prior to the 










Saint Mary’s Park 
Saint Mary’s Park lies due north of Limerick City Centre and was subjected to devastating 
floods in winter 2014. These floods resulted in the flood embankments that protect St. 
Mary’s Park, being overtopped and flood waters entering the wetlands and residential 
areas. This flooding caused extensive damage to the embankments as shown in Figure 
2-13. 
 
Figure 2-13: Erosion of the wetland side of the embankment following the 
February 2014 floods (Picture taken by PUNCH Consulting Engineers) 
Large sandbags were placed on the embankment to provide additional flood protection, 
which can be seen in the upper left corner of Figure 2-13. This additional weight caused 
a bearing capacity failure of the flood embankment resulting in further flooding of the 
area. 
During remedial works to the embankment, there was another partial failure of the 
embankment along the northern bank of the tidal Abbey River near its junction with the 
River Shannon. On June 9th 2014 following a period of heavy rainfall, there was a 










original failure (Figure 2-14). A narrow portion of the newly constructed embankment 
remained in position and prevented a breach by the river. Clay fill material at the site was 
placed adjacent to the toe of the remaining embankment to create a berm and widen the 
remaining section of embankment. 
Temporary sheet piles were then installed behind the slip failure in the embankment due 
to ongoing uncertainty about the stability of the remaining embankment material. These 
sheet piles would act as a temporary flood protection measure until the permanent solution 
was designed. 
 
Figure 2-14: St Mary’s Park Embankment. Location of partial failure indicated by 
red arrows 
  
Location of partial failure 










Most flood embankments are constructed on floodplains. Many will be built on layers of 
soft clay or peat. Relatively large time-dependent settlements as they consolidate under 
the embankment weight is a characteristic of these materials that they experience. 
For historical flood embankments, much of this settlement has already occurred and 
possibly been concealed by subsequent filling. In contrast, newer embankments 
constructed to full height in one construction sequence may be prone to large ongoing 
settlements. In addition, the process of embankment raising will often trigger further 
settlement, especially where fill material is placed over the side slopes and toe of an 
embankment. 
An embankment that meets its flood height requirements (or Standard of Protection) one 
year may not meet those objectives in subsequent years as shown in Figure 2-15. 
Indicative signs of settlement include: 
• Reduction in crest level; 
• Possibly localised dipping of crest and 
• Cracking, bulging, slumping of surface protection. 
 
Figure 2-15: Settlement Process and indicators (modified from Morris et al. 2007) 
Excessive reduction in 
crest levels 
Consolidation of soft 
founding strata 










The United States Bureau of Reclamation (2006) note that dams are most commonly 
classed based on the materials used to build the structure. The following classifications 
are listed: 
• Earthen Dam 
Earthen dams are the most common type of dam, principally because their 
construction involves the use of locally available materials. The foundations and 
topographical requirements for earthen dams are less stringent than the 
requirements for the following structures;  
• Rockfill Dam; 
• Concrete Gravity Dam; 
• Concrete Arch Dam; and 
• Concrete Buttress Dam. 
Most modern earthwork are constructed to fulfil a 60-year design life4 but many 
infrastructure earthworks have been in place for up to 150 years with no significant signs 
of distress (Saxena 2005). 
2.5.5 Embankment Defence Measures 
Flood Embankments are commonly grass-covered but may require additional protection 
measures against erosion from flowing waters, waves or overtopping. Protection options 
include: 
• stone riprap; 
• gabions and gabion mattresses; 
• open-stone asphalt; 
• concrete bag-work; 
• concrete blockwork (which can either be individual blocks or linked to form a 
mattress); 
• various products that may be categorised as bioengineering such as coir rolls, 
faggots and fascine mattresses; and 
• geogrids and geotextiles can be used to reinforce grass on flood embankments. 
 










The crest level of a flood defence is a fundamental parameter for the design, construction 
and long-term maintenance of the defence as it establishes the standard of protection, or 
the level of flooding which the flood defence provides protection. This is often expressed 
in terms of the return period of the flood for which the defence is designed. The design 
crest level is then determined by adding a suitable freeboard to the design flood level. 
There is limited guidance available on freeboard and a ‘rule of thumb’ value is often 
applied. 
Freeboard is, essentially, a safety margin that allows for uncertainties, including the 
design water level, wave effects, construction tolerances and long-term deterioration of 
the defence, including settlements of the embankment over its design life. 
Allowances for waves are usually not large for a typical fluvial defence, but need to be 
increased where water is expansive, such as a wide floodplain, or where there are other 
factors such as boat-generated waves. 
Guidance on freeboard is provided by Kirby and Ash (2000) in the ‘Fluvial Freeboard 
Guidance Note.’ This report outlines the steps in calculating freeboard. In addition, the 
OPW provide guidance on freeboard for structures in the Section 505 Application 
documentation. The OPW guidance states that “A bridge must be capable of operating 
under the design conditions while maintaining a freeboard of at least 300 mm” (OPW 
2013a). 
Limerick City is influenced by both tidal and fluvial flood levels, therefore, freeboard for 
both events need to be considered. 
  
 
5 Section 50 of the Arterial Drainage Act 1945 requires the consent of the Commissioners by bodies and 









2.6 Climate Change 
Dunne et al (2008) assessed the effects of climate change in Ireland in the report ‘Ireland 
in a Warmer World’ published by Met Éireann in June 2008. The main findings include: 
• The climate will continue to warm with possible increases in the order of 3 to 4 
°C towards the end of the century; 
• Sea levels around Ireland are rising on average by approximately 3.5 cm per 
decade; 
• An increase in the frequency of storm surges around the Irish coast, with the 
highest increase along North Western coasts, while most areas will likely see an 
increase in extreme wave heights; and 
• A rise in winter stream flows due to change in precipitation and temperature. 
In a similar report Gleeson et al. (2013) noted that “winters are expected to become wetter 
with increase of up to 14% precipitation under the high emission scenarios by mid-
century; summers will become drier (up to 20% reduction in precipitation under the high 
emission scenarios”. The report also noted that heavy precipitation events will occur up 
to 20% more frequently during winter, which will have significant impacts on river 
catchment hydrology (OPW 2015). 
A report prepared by Ciscar et al. (2014) into the impacts of climate change in Europe, 
predicted a temperature increase from the control period 1961 – 1990 until the 2080’s of 
up to 2.4 – 3.9 °C. The warmest of these temperatures will be in the Northern European 
region and the lowest in the UK and Ireland. The predicted temperature increase in the 
UK and Ireland region is reported as being between 1.4 and 2.9 °C. 
2.6.1 Climate Change & Flooding 
The annual average surface temperature in Ireland has increased by approximately 0.8 °C 
over the last 110 years (Dwyer 2012). There has also been an increase in the frequency 
of very wet days6 over the last 50 years and in Ireland, there has been an increase in 
average annual rainfall of approximately 60 mm or 5% in the period 1981 to 2010, 
compared to the 30-year period 1961 to 1990. 
 









The Intergovernmental Panel on Climate Change (IPCC) predicts, with medium 
confidence, that global mean sea level rise for 2046 to 2065, relative to 1986 to 2005, will 
be in the ranges of 0.17 m to 0.38 m, and 0.26 m to 0.82 m for 2081-2100 for the different 
possible future climate scenarios (see Figure 2-16). Four Representative Concentration 
Pathways (RCPs) produced from Integrated Assessment Models were selected from the 
published literature and used in the IPCC as a basis for the climate predictions. The RCPs 
try to capture future trends and make predictions on how greenhouse gases in the 
atmosphere will change as a result of human activities (Table 2-7). For example, in 
RCP8.5, the radiative forcing is 8.5 Watts per metre squared (W/m²) in 2100. 
Table 2-7: Summary of IPCC Scenarios and outcomes  
Scenario Temperature7 Sea Level Rise8 Extreme Weather CO2 
RCP2.6 + 1.0 °C 0.40 m Small increase 421 ppm 
RCP4.5 & 
RCP6.0 
+ 1.8 – 2.2 °C 0.47 – 0.48 m Moderate increase 538 – 670 
ppm 
RCP8.5 3.7 °C 0.63 m Large increase 936 ppm 
 
Stocker et al. (2013) corroborate these finding in their predictions of the rise in sea level 
by 2100 will be in the range of 0.52 to 0.98 m with a rate during 2081 to 2100 of 8 to 16 
mm per year. 
 
7 Temperature increase to 2081-2100 relative to a 1850-1900 baseline 










Figure 2-16: Extract from IPCC Summary for Policymakers - Projections of global 
mean sea level rise over the 21st century relative to 1986 to 2005 (Stocker et al. 
2013) 
With a warming climate, there are concerns that storm surges and extreme water may 
increase in frequency and intensity due to a rising sea level. For example, when a 1 m 
surge coincided with one of the highest spring tides of the year in Dublin in 2002, “the 
resulting flooding could change from a relatively rare to a more common occurrence” 
(Department of Environment, Heritage and Local Government 2009). The frequency, 
pattern and severity of flooding are expected to change, becoming more uncertain and 
more damaging. According to the Department of Environment, Heritage and Local 
Government (2009), rising sea levels and more frequent and severe coastal storms will 
significantly increase the risk of coastal and estuarial flooding along with the increased 
risk of coastal erosion. 
While the different global emission and climate change scenarios may lead to 
considerable different positions by the end of this century, the trends for the next 20-30 









climate change is expected to change the probability of flooding and the flood depth for 
a particular event with little change in spatial flood extent. Climate change is expected to 
considerably increase the area affected by flooding only in extensive areas of land that 
rise gently from the river or sea. 
There is a wealth of uncertainty in relation to the potential effects of climate change, and 
as such, a cautionary approach should be adopted, which may include the following:  
• Recognising that significant changes in the flood extent may result from an 
increase in rainfall or tide events and accordingly adopting a cautious approach to 
zoning land in these potential transitional areas;  
• Ensuring that the levels of structures designed to protect against flooding, such as 
flood defences, land-raising or raised floor levels are sufficient to cope with the 
effects of climate change over the lifetime of the development they are designed 
to protect; and 
• Ensuring that structures to protect against flooding and the development protected 
are capable of adaptation to the effects of climate change when there is more 
certainty about the effects and still time for such adaptation to be effective. 
The OPW adopted two indicative potential futures as part of the pilot CFRAMS; the Mid-
Range Future Scenario (MRFS) and the High-End Future Scenario (HEFS). These were 
selected to reflect a future that would be typical or near to the general average future 
climate projections at that time, and a more extreme future based on the upper end of 
future climatic conditions and the impacts these changes would have on the drivers of 
flood risk. Changes in flood-related parameters under each scenario are set out in Table 









Table 2-8: Allowance in flood parameters for Mid-Range and High-End future 
scenarios (OPW 2015) 
Parameter MRFS HEFS 
Extreme Rainfall Depths + 20% + 30% 
Peak Flood Flows + 20% + 30% 
Mean Sea Level Rise +500 mm + 1000 mm 
Urbanisation 
No general allowance – 
review on case-by-case 
basis 
No general allowance – 
review on case-by-case 
basis 
Forestation - 1/6 Tp9 
- 1/3 Tp10 
+ 10% SPR11 
 
The allowances determined were originated as part the Lee CFRAMS (a pilot study of 
the CFRAMS programme), were not derived from a specific set of projections from the 
IPCC reports, but on a number of contemporary sources including the PCDPAG3 
Guidance Policy (DEFRA 2003), EPA Report of Climate Change Impacts 2003 and 
research outputs from Downscaling Climate Impact Project by Sweeney and Fealy 2006 
(OPW 2015).  
 
 
9 Reduction in the time to peak (Tp) to allow for potential accelerated runoff that may arise as a result of 
drainage of afforested land 
10 Reduction in the time to peak (Tp) to allow for potential accelerated runoff that may arise as a result of 
drainage of afforested land 
11 Add 10% to the Standard Percentage Runoff (SPR) rate. This allows for temporary increased runoff rates 
that may arise following felling of forestry (OPW 2015) 















Assessment of Areas at Risk 
  








3 Assessment of Areas at Risk 
The study area for this research is from Limerick City to the University of Limerick as 
shown as red in Figure 3-1. Locations within the study area that are at risk of flooding 
resulting from overtopping of the existing flood embankments will be identified and the 
risk evaluated. 
 
Figure 3-1: Limerick Flood Risk Assessment study area highlighted in red 
The flood risk is assessed using available information from the OPW Flood Hazard 
mapping database and the River Shannon CFRAMS mapping. A database of ground 
levels along both banks of the River Shannon for the study area was compiled and is 
discussed below. Areas currently at risk of flooding as a result of the predicted flood level 












3.1 Flood Risk 
Limerick City has experienced a number of recent flood events. In 2009, 2014 and in 
2015, many parts of the city were inundated. The combination of high tides, heavy 
rainfall, low atmospheric pressure and unfavourable prevailing winds created the ‘perfect 
storm’ in Limerick City centre during some these events.  
The flood risk from Shannon Bridge to the confluence of the River Shannon in Limerick 
City and Mulkear at Annacotty was reviewed using the OPW Flood History database and 
the latest flood maps and data produced as part of the River Shannon CFRAMS. 
Limerick City is at risk of both fluvial and tidal flooding. Figure 3-2 shows the influence 
of fluvial flooding does not extend downstream of Sarsfield Bridge in Limerick City 
Centre. At this point, tidal flooding has a greater influence on flood levels. 
 
Figure 3-2: Extract from CFRAMS map S2526LIK_EXFCD_F1_24 indicating 
start of fluvial influenced flooding (OPW 2019). Full map included in Appendix B 
Sarsfield Bridge 
Fluvially influenced flooding does 
not extend downstream of this point. 
Please refer to tidal flood maps 








Tidal flooding poses the greatest risk to areas from the estuary to Athlunkard Bridge as 
shown in Figure 3-3. Upstream of this point, estimated fluvial flood levels are higher than 
the estimated tidal flood levels. 
 
Figure 3-3: Extract from CFRAMS map S2526LIK_EXCCD_F1_56 indicating end 
of tidal influenced flood levels (OPW 2019). Full map included in Appendix B 
3.1.1 Office of Public Works Database 
The OPW records indicate that the frequency of both tidal and fluvial flood events has 
increased in the past 20 years. The map in Figure 3-4 was generated from the OPW 
Floodmaps database. The orange triangles indicate the location of flood events and the 
blue boundary in-filled with blue dots is the flood extent of the December 1999 flood 
event. A copy of the OPW report and a sample of the flood records reports are included 
in Appendix A. 
The cluster of orange triangles in Limerick City Centre is not a complete record of flood 
events as not all instances are recorded by the OPW, particularly localised pluvial events, 
but the image highlights the significant flood risk in Limerick City. The following is a 
summary of significant flood events since the 1990’s. 
Tidally influenced flooding does 
not extend upstream of this point. 
Please refer to fluvial flood maps 










Figure 3-4: OPW Floodmaps Map Report Image and legend (OPW 2013b) 
February 1997 
This flooding event was a result of tidal surges caused by meteorological conditions and 
high tides. This event caused extensive flooding to Limerick City including the Condell 
Road, Clancy Strand, the Dock Road, Corbally and along the Island Road. 
Winter 1999/2000 
Flooding in Limerick City was caused by heavy rainfall in December 1999. Rainfall in 
November was between 100% and 150% of the normal rainfall for this period. Following 
this, the December rainfall was up to 250% of the normal rainfall in parts of the Shannon 
catchment. The prolonged periods of heavy rainfall led to extensive flooding in many 
parts of the city between Christmas and early January. A report prepared by ESB 
International (2000) noted that the peak water levels at Parteen Weir during this event 
were 28.04 mAOD. 
 








A high tide of 8.6 m influenced by westerly winds and heavy rainfall was recorded on the 
evening of 24th December. Flooding occurred throughout Limerick City, including 
Clancy Strand, Sir Harry’s Mall, The Sandmall, Athlunkard St., Corbally Road, 
Richmond Park, Condell Road, Long Pavement, Lower Mill Road and the entrance to St. 
Mary’s Park (Limerick City Manager 2000). 
November 2009 
Extensive flooding occurred in the Limerick City area following another prolonged 
period of extensive rainfall in the Shannon Basin (OPW 2009) resulting in flooding in the 
St Mary’s Park area of Limerick City (see Figure 3-5). 
The Shannon catchment was particularly badly impacted by this rainfall which was 
ultimately discharged through the ESB controlled weir upstream of Limerick City so the 
dam at Ardnacrusha would not be compromised. Water levels recorded at Parteen Weir 
gauge were the highest levels ever recorded by the ESB/OPW.  
 
Figure 3-5: Aerial Photograph of St Marys Park, Limerick City from November 
2009 event (OPW 2009) 
  









The source of this event was high tides in the Shannon Estuary. There were a number of 
low-lying areas of the city flooded. 
• Condell Road 
Flooding breached the embankment at three locations. This resulted in 
approximately 500 mm of flood waters at points along the Condell Road. 
• Clancy Strand/O’Callaghan Strand 
This area flooded as a result of the stone clad flood defence failing and caused 150 
mm flood depth on the roadway. 
• Verdant Place/St. Mary’s Park  
Flood waters came through the wall in places. The council were well prepared for 
flooding at this location and pumped the breach waters back over the wall thus 
avoiding flooding of nearby properties.  
• Corbally Road  
A section of the Corbally Road and adjacent green areas were affected by the 
flooding event. It is thought that the floods waters drained back into the river 
(OPW 2014). 
February 2014 
This event started on the morning of Saturday 1st February 2014, with the embankments 
on Condell Road being overtopped. High astronomic tide was recorded at a time of 07:12. 
This resulted in flood water overtopping the banks and defences at various locations in 
the city causing flooding. By 07:30, flooding was recorded at various locations in 
Limerick City and this is thought to be approximately the time of the peak flood. The 
flooded locations are highlighted in Figure 3-6 include St Mary’s, Kings Island, Corbally 
Road, Brown’s Quay/Old Thomondgate. Verdant Place and Clancy Strand.  









Figure 3-6: Flood Extent map showing areas affected by the February 2014 flood 
event (Helbert 2014) 
There were several locations of overtopping noted at King’s Island and a bank collapse 
was reported at the embankment at the northern end of St. Mary’s Park. These are 













Figure 3-7: Map of King’s Island/St Mary’s, showing locations where the 
embankments were breached (Helbert 2014) 
The Flood Event Report indicated that floodwater depths were in the range of 0.3 – 1.4 
m, with 1.0 - 1.4 m recorded in the St. Mary’s Park area. 
As a result of the embankment breach at St. Mary’s Park, floodwaters were trapped inside 
the downstream side of the embankment preventing levels from dropping quickly with 
the receding tide.  
It was estimated that 191 houses in St. Mary’s Park, Kings Island, Athlunkard Street, 
Corbally and Thomandgate suffered internal flooding. 159 of these have been classified 
by Limerick County Council as seriously impacted and 42 of these houses flooded are 
owned by the council.  









Flooding across the Shannon River Basin occurred from late November 2015 and 
extended well into March 2016. The areas worst affected included Castleconnell, 
University of Limerick and Montpelier. The flooding extended across the Shannon Basin 
and included the towns of Athlone and Carrick-On-Shannon (Irish Independent 2015). 
Local media reported that water levels were similar to those seen in November 2009 
(approximately 4.75 mAOD in the city centre). Increased discharges at Parteen Weir 
started in November 2015 and peaked at 440 m3/s on December 13th and was maintained 
until December 18th. The spill rates returned to normal operating levels in March 9th, 
2016. The areas affected by this flood event include areas just downstream of Parteen 
Weir around Clonlara and O’Briensbridge and the low-lying lands around Castletroy. The 
estimated flood extents on 12th December 2015 are shown in light blue in Figure 3-8.  
 













Table 3-2 provides a summary of the flood events noted in the OPW database along with 
flood levels and flood depths and these are graphed in Figure 3-9. While many of the 
reports and documents reviewed as part of this research did not include flood level or 
depth information, the flood event was noted to demonstrate the frequency at which 
flooding occurs in Limerick City. These flood events include both tidal and fluvial floods. 
Table 3-2 reveals the highest flood level on record was 4.75 mAOD, which occurred in 
November 2009, and it is estimated that the December 2015 event was a similar but 
slightly lower flood level. 
The recorded flood events demonstrate the frequent occurrence of flooding in Limerick 
City. The frequency of flooding increases from October to February. This also correlates 
with the maximum tide levels in the Shannon Estuary, with spring tide occurring in 
October and from late January until the end of February. The highest recorded tide levels 
at Limerick Docks are given in Table 3-1. Note the 1999 and 2002 coincided with storm 
surges and low atmospheric pressure and are noted in Table 3-2. 
Table 3-1: Maximum recorded tide levels at Limerick Docks 





Figure 3-9 graphs the number of recorded flood events that occurred per year from 1954 
until the present day (June 2020). The figure shows an increase in the frequency and 
severity of the flood events in Limerick City since the start of the 1990’s. 
 
  








Table 3-2: Review of OPW Floodmaps Database 
Year Date Flood Level (m) Maximum Flood 
Depth (m)12 
1954 01/12/1954 * * 
1986 05/08/1986 * * 
1990 01/02/1990 * * 
1990 21/02/1990 * * 
1994 03/05/1994 * * 
1994 26/01/1994 * * 
1995 17/01/1995 3.82 * 
1995 24/10/1995 * * 
1995 25/01/1995 * * 
1997 10/02/1997 * 0.30 
1999 25/12/1999 4.20  
2000 01/01/2000 * * 
2000 08/02/2000 * * 
2000 01/11/2000 * * 
2000 01/12/2000 * * 
2001 04/02/2001 * * 
2001 17/10/2001 * * 
2002 01/02/2002 4.16 * 
2002 11/02/2002 4.27 * 
2002 27/02/2002 * * 
2006 01/12/2006 * * 
2009 27/11/2009 4.75 * 
2014 03/01/2014 * 0.50 
2014 01/02/2014 4.55 1.0-1.4 
2015 Dec-15 * * 




12 Maximum flood depth is the maximum depth observed during a flood where no ordnance datum level is 
available, the maximum flood depth is quoted.  





























































Occurences No Recorded Flood Level or Depth Flood Level (mAOD)








3.2 Shannon CFRAMS and its implications for the study area 
The Shannon CFRAMS maps and Preliminary Flood Risk Assessments (PFRA) were 
consulted as part of this research to gather information on the flood risk in the study area, 
The purpose of this assessment is to identify areas at risk of flooding and propose options 
to reduce flood risk in these areas in undertaking a catchment wide flood risk management 
plan.  
3.2.1 Shannon CFRAMS Hydraulic Model 
As part of the Shannon CFRAMS, all rivers in the catchment were included in a hydraulic 
model used to develop flood maps and estimated flood levels and extents of the 
catchment. A copy of the CFRAMS maps for the Limerick City region referenced in this 
study are included in Appendix B. 
The hydraulic river model used in the Shannon CFRAMS was constructed using the ISIS-
TUFLOW link based on the combination of the one-dimensional (1D) river modelling 
package ISIS (by Halcrow Software) and the two-dimensional (2D) modelling software 
TUFLOW (by BMT WBM). The methodology adopted for the hydraulic modelling of 
the river systems was based on the approaches described by the TUFLOW modelling 
manual. The model was set up as a combination of 1D network domain representing the 
river channel, dynamically linked to a 2D domain representing the adjacent floodplain, 
using the hydrodynamic programme to form a single model.  
Cross sections of all rivers in the catchment were generated from topographical survey 
data and the location of these cross sections are indicated in the model by nodes denoted 
as Hydrometric Estimation points (HEP13) in the CFRAMS and are water level 
computation points. Each model node corresponds to a river cross section, river structure 
(bridge, culvert, weir etc.) or upstream or downstream boundary (such as flow entering 
or discharging from the river). The downstream boundary of the River Shannon model in 
Limerick City is the Shannon Estuary and it tidal. The tidal information was taken from: 
• Irish Coastal Protection Strategy Study (ICPSS) Predicted Extreme Water Levels 
(Tide and Surge) at appropriate locations in the Shannon Estuary; 
 
13 A HEP is a Hydrometric Estimation Point where flow data and topographic information is inserted in 
hydraulic model 








• Tidal gauge records (2003-2007) obtained from Limerick Port; and  
• Admiralty Tide Tables information for Limerick Dock. 
The CFRAMS maps identify a flood level at each model node or cross section. The output 
of the model is given in terms of flood level relative to a flood event. The flood events 
are defined in terms of the Annual Exceedance Probability (AEP), which is the probability 
that a certain flow value will be exceeded in any one year. For example, the flow 
associated with the 1% AEP event at a particular location has a 1 in 100 chance of being 
exceeded in any year. The main flood events analysed in the study were the 10%, 1% (or 
0.5% for tidal) and 0.1% AEP events, or 1 in 10, 1 in 100 (or 1 in 200 for tidal) and 1 in 
1000-year events.  
These levels were used to estimate the flood level for a given return period at points along 
the river. Smaller and more detailed flood models are generally required to improve the 
accuracy and focus on individual sites/areas. 
Defended Areas are depicted by the OPW as hatched polygons on the flood extent maps. 
CFRAMS maps indicate the location of flood defences such as flood embankments and 
walls, and the corresponding Standard of Protection (SOP) e.g. a 1% AEP SOP describes 
a defence that will protect an area against a 100 year flood (OPW 2019).  
Figure 3-10 is an extract from the River Shannon CFRAMS map of Castletroy. The 
different blue colours on the map are flood extents from the stated return periods. 
The model node 09LSH00032514 highlighted by the yellow circle in Figure 3-10 is a node 
near the Castletroy Wastewater Treatment Plant (WWTP). At this point, the modelled 
flood level for a 1 in 100-year event is currently 6.46 mAOD and 7.10 mAOD for a 1 in 
1000-year event. The Standard of Protection (SOP) of the embankment on the southern 
bank at this location is 2% or protects against a 1 in 50-year fluvial event.  
 
14 The abbreviation LSH indicates the node is located in the Lower Shannon reach of the River Shannon. 









Figure 3-10: Extract from Fluvial Flood Extent Map S2526LIK_EXFCD_F1_10 
for the University of Limerick, Castletroy (OPW 2019). Flood Embankments are 
indicated by the green lines. Full map included in Appendix B 
Figure 3-11 is tidal flood map of Limerick City Centre from Limerick Docks to Sarsfield 
Bridge. It illustrates how flood walls are demonstrated on the CFRAMS maps. Again, the 
SOP is given in terms of AEP. For example, a flood wall classed as having SOP 10% 
AEP offers protection up to a 1 in 10-year flood level. 
1% AEP Extent 
0.1% AEP Extent 
10% AEP Extent 
Castletroy WWTP 










Figure 3-11: Extract from CFRAMS Coastal Flood Extent Map 
s2526lik_exccd_f1_25 for Limerick City Centre (OPW 2019). The red lines 
indicate a flood wall. Full map included in Appendix B 
  








Accuracy of Estimated Flood Levels 
The estimated flood levels in the Shannon CFRAMS are dependent on the accuracy of a 
number of factors including: 
• LiDAR information 
Light Detection and Ranging (LiDAR) data with 2 m horizontal resolution and 
approximately 200 mm vertical accuracy has been used to create the hydraulic 
model with ground elevation in the floodplain areas included in the Area for 
Further Assessment boundary. 
• Flow data 
There are several sources of uncertainty in the design flood flow estimates: 
▬ The length of recorded gauge data; 
▬ Data accuracies (such as data recorded incorrectly); and 
▬ Changes to the land use, drainage network and climate over the period of 
record. 
Hydraulic models are run to give consistency of design flows between the hydrological 
and hydraulic estimates, within a reasonable degree of accuracy. A difference between 
anticipated total flow and hydraulic model flow of less than approximately 10% is 
normally sought.  
The CFRAMS hydraulic model of the Lower Shannon Catchment at Limerick City was 
calibrated as part of the CFRAMS using data gathered from the hydrometric gauges in 
the River Shannon (in Limerick City) and Mulkear (at Annacotty).  
The CFRAMS offers a great start point for estimating flood extents on a large scale but 
the limitations listed above mean that for small scale developments, the flood levels are 
not suitably accurate to determine embankment improvements required to defend against 
climate change flood levels. The largest improvement that can be made to flood models 
is improving the input data.  
The hydraulic model developed for this thesis utilises topographical surveys combined 
with LiDAR information, increasing the accuracy of the ground model in the hydraulic 
model. 
 








3.3 Ground Levels along the River Shannon Study Area 
The embankment levels along the River Shannon are required to estimate the locations at 
risk of being overtopped. 
Ground levels along the banks of the River Shannon, on both north and south banks were 
gathered using the Geocontext-Profiler Web Application (Geocontext-Profiler 2005) and 
River Cross Section and ground level information supplied by the OPW.  
Geocontext Profiler combines its own database of graphs and detailed data with Google 
Earth’s Digital Elevation Model (DEM). A DEM is a digital model or 3D representation 
of a terrain surface. The Google Earth DEM data is in 30 m to 90 m spacing, with in 
between portions interpolated. he main source of error with DEM’s is often the presence 
of vegetation, as the model interprets the top of the vegetation as the ground level. This 
results in spikes of elevation where trees are present, and an overall increase in elevation 
in grasslands. A profile of the North and South riverbank levels from the weir at Parteen 
to Shannon Bridge in Limerick City are shown in Figure 3-12. 
The vertical accuracy of the Google Earth DEM is 50 to 250 mm but varies dependent on 
location. For the preliminary assessment of the embankment heights, this was adequate. 
As more detailed topographical information was available in the main study area (from 
the University of Limerick to Shannon Bridge in the city), this more detailed information 
was considered more suitable to use and is discussed in the following section.  
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As part of the Limerick Smarter Travel Project, a detailed topographical survey of the 
embankment along the southern bank of the river from the University of Limerick to the 
Park Canal was carried out. This was used, along with the river cross section survey 
information supplied by the OPW, to verify the levels along the river and, as a result, 
changes were made to the ground profile developed above, where localized spikes were 
encountered in the Geocontext-Profiler levels. The topographical survey information 
supplied by the OPW and Limerick Smarter Travel represented a more accurate 
representation of the ground levels as they are carried out over a smaller grid of 10 metres. 
Figure 3-13 shows the amended riverbank levels showing the adjusted ground profile. 
 
Figure 3-13: Revised River Bank Levels of River Shannon from the University of 
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3.4 Climate Change 
While many of the embankments along the River Shannon in Limerick currently provide 
adequate standard of protection against the current fluvial flood flows, the impact of 
climate change and subsequent increase in fluvial flows, may reduce the level of 
protection provided by these embankments. The following section is a review of the 
impact of climate change on the predicted increased flood levels in the Limerick City 
region. 
As discussed in Section 2.6, the OPW provide guidance on climate change scenarios for 
predicted flood flows and levels (see Table 3-3). The Mid-Range Future Scenario 
(MRFS) represents the typical general average of the future climate change projects, 
whereas the High-End Future Scenario (HEFS) is based on the upper end of the range of 
projections of future climatic conditions. 
Table 3-3: Allowance in flood parameters for Mid-Range and High-End future 
scenarios (OPW 2015) 
Parameter MRFS HEFS 
Extreme Rainfall Depths + 20% + 30% 
Peak Flood Flows + 20% + 30% 
Predicted Mean Sea 
Level Rise 
+500 mm + 1000 mm 
 
The high-end scenario is adopted in this study when assessing the flood risk for average 
climate change projections. 
  








3.4.1 Impacts of Climate Change on Flood Levels in Ireland 
Table 3-4 shows the OPW predictions of the increased frequency of flood levels which 
occurred in Dublin City in February 2002. The Mid-Range Future Scenario (MRFS) 
outlines the typical or near to the average future predictions and the High-End Future 
Scenario (HEFS) represents a more extreme future based on the upper end of future 
climate predictions. These frequencies could occur approximately every two years with a 
500 mm rise in mean sea levels and a greater frequency with 1000 mm rise in mean sea 
level (OPW 2015). Similar increases in frequency might be expected for Cork City, while 
the increase in frequency for the 2015 event in Limerick is less extreme.  
Table 3-4: Frequency of Recent Coastal Flood Events under the Current Scenario, 
the MRFS and the HEFS (OPW 2015) 
Recent Event Indicative Frequency of Flood Events 
Current Scenarios MRFS HEFS 
Dublin – Feb 2002 ≈ 50 – 100 years ≈ 2 years Very frequent 
Limerick – Feb 2014 ≈ 50 – 100 years ≈ 10 – 20 years ≈ 2 years 
Cork – Feb 2014 ≈ 50 – 100 years ≈ 2 years Very Frequent 
 
3.4.2 Impact of Climate Change on CFRAMS flood levels 
While modelling of future fluvial and tidal flows were carried out as part of the CFRAMS, 
the predicted climate change flood levels are currently (June 2020) not available. 
Therefore, to determine the impacts of the flood levels, the estimated flows at each point 
along the river must be increased to account for the future scenarios. By increasing the 
flows by 30% for the HEFS (see Table 2-8), the flows were on average 3% lower than 
the flows estimated in the 1 in 1000-year current scenario. This suggests that the HEFS 1 
in 100-year fluvial flood levels can be estimated from a review of the current 1 in 1000-
year flood levels.  
For example, at node 09LSH01315u (University of Limerick) increasing the current 1 in 
100-year flows by 30% for the HEFS results in a future flow of 832.91 m3/s, as shown in 
Table 3-5. This is approximately equal to the 1 in 1000-year flow rate at the same location; 
indicated as 856.21 m3/s on CFRAMS maps. For the purposes of this study, the current 1 
in 1000-year flood levels and extents (0.1% AEP Flow) are approximately equal to the 1 








in 100-year flood  levels and extents with climate change (1% AEP Flow + CC) as shown 
in Table 3-5. 
Table 3-5: CFRAMS Fluvial Flows 












14LSH00854 24.95 524.79 682.23 25.52 713.28 
09LSH01315u 7.66 640.32 832.91 8.23 856.21 
06LSH01700u 5.18 680.99 885.29 5.88 905.79 
 
As further information was not available on the future flood levels, the 1 in 1000-year 
current flood levels were used as the future HEFS 1 in 100-year levels for the purpose of 
this study. To evaluate the impact of the MRFS on the fluvial flows, a detailed hydraulic 
model is necessary as outlined in Section 6.  
3.5 Areas Vulnerable to Flooding 
To assess areas at risk of flooding from embankment overtopping, the ground levels and 
estimated CFRAMS flood levels were compared and the areas at risk were identified. 
Areas where the ground levels were lower than the estimated 1 in 100-year flood level 
were designated as being at risk of flooding.  
Figure 3-14 is a graphical representation of the approximate ground levels and 1 in 100-
year flood levels HEFS climate change increases assigned to each CFRAMS node from 
the University of Limerick to the Condell Road/Limerick Docks area in Limerick City. 
It is evident that there are areas that are at risk of overtopping along this route. A copy of 
Figure 3-14 and the associated background data is included in Appendix C. 
 
 



































Shannon CFRAMS Ground & Flood Levels
1% AEP Flood Level + CC (mAOD) 0.5% AEP Flood Level + CC (mAOD)
North Bank Level (mAOD) South Bank Level (mAOD)
Location where tidal flooding poses greater risk 
 








Table 3-6 is a breakdown of the areas identified as being at risk of being overtopped in 
the future.  
Table 3-6: Preliminary areas identified as being at risk of flooding during a 1% 



















Limerick RISK RISK 
Dec 2015 
09LSH00082u 8568 Ballykeelaun RISK RISK  
09LSH00000 8555 
Castletroy 
WWTP RISK RISK 
 
07LSH00729 8422 Groody RISK RISK Dec 1999 
07LSH00000 8361 
Shannon 
















Pavement RISK RISK 
Feb 2014 
05LSH01696u 7987 St Mary's Park RISK RISK Feb 2014 
05LSH00697 7888 
King John's 












Docks RISK RISK 
Feb 2002 
04LSH01214 7667 Condell Road RISK RISK Feb 2002 
 
 
15 Refer to Appendix B for CFRAMS Maps 








Clancy Strand and Howley’s Quay between Shannon Bridge and Sarsfield Bridge in 
Limerick City are protected from flooding by demountable flood barriers. The barriers 
are installed when high tides are forecast and as such, the areas behind these defences are 
considered not to be at risk. 
There is evidence of historical flooding at locations identified as being at risk; historical 
OSI maps identify many of these are areas as ‘liable to floods’ as shown in Figure 3-15 
(OSI 2016). This history of flooding predates much of the developments on these lands. 
Once areas at risk of flooding are identified, the design flood level of the location must 
be estimated in order to establish the required SOP of the embankment.  
3.6 Discussion 
Limerick City, as with other cities in Ireland, is at risk from a combination of fluvial and 
tidal events and has a history of flooding from both sources. Tidal flooding is often easier 
to predict, and the duration of flooding is short and flood levels recede. Shannon Foynes 
Port Company publishes annual tidal charts for Limerick City, and these identify the times 
and level of high tides. These charts cannot account for storm surges that may occur in 
conjunction with a high tide, resulting in higher than anticipated tide levels but offer an 
indication of when these may occur. 
Fluvial flooding in the lower Shannon region is much more difficult to predict, and flood 
levels can often remain elevated for months as the ESB manage the release of water 
through Parteen Weir, Ardnacrusha and Lough Derg, as occurred in December 2015. 
Predicting fluvial flooding in Limerick City is affected by the rates of discharge from 
Parteen Weir and the lag time between rainfall in the upper reaches of the catchment and 
arrival at Limerick City. This lag time is driven by the attenuating effects of the lakes 
upstream of Parteen weir and the shallow fall between Lough Derg and Lough Allen.  
It is evident from the review of ground levels and the predicted future tidal and fluvial 
levels that there is a need to increase the Standard of Protection of the flood embankments 
within the study area. In some instances, the level of protection is insufficient for the 
present-day needs. 








3.7 Case Study: St. Mary’s Park 
In February 2014, Saint Mary’s Park in Limerick City suffered from flooding following 
an embankment collapse during a storm that resulted in the flood embankment being 
overtopped.  This area was identified earlier in this section as being at risk, see Table 3-6. 
3.7.1 Site Description 
St. Mary’s Park is located on Kings Island in Limerick City, which is bounded by the 
River Shannon to the north and west and the Abbey River to the east and south. The area 
in mainly made up of housing and is protected by a flood embankment on the west, north 
and east, shown in Figure 3-15. 
3.7.2 Estimated Flood Zone  
The area has experienced flooding previously and was noted in 6-inch OSI historic maps 
as being situated in lands ‘liable to floods’ (Figure 3-15). This also flags the potential 
issue of soft soils in the area, and this is discussed in Section 4. 
 
Figure 3-15: 6 inch map generated from the OSI Cassini 6 inch mapping dated 
1830 to 1930’s of the St. Mary’s Park Area of Limerick City (OSI 2016) 








The CFRAMS maps for the St. Mary’s Park area identified that the site is at risk from 
both fluvial and tidal flooding and in an area, which is protected by a flood embankment 
identified as providing a SOP of 10% (against a 1 in 10-year event) 
The CFRAMS maps indicate that the area falls within the extents of a 1 in 1000 year 
fluvial event (Figure 3-16), with estimated flood levels of 4.43 mAOD at the nodes in the 




Figure 3-16:Extract from Shannon CFRAMS Fluvial Flood Map 
S2526LIK_EXFCD_F1_23 of the Saint Mary’s Park area of Limerick City (OPW 
2019). Full map included in Appendix B 
The area falls within the extents of the 1 in 200 year tidal event as estimated by the 
CFRAMS maps (see Figure 3-17) with a flood level of 4.77 mAOD estimated at nodes in 
the River Shannon closest to the site. The maps also indicate a portion of the area behind 
the embankments as ‘defended areas’ (diagonal hatching). The embankments prevent any 
flood waters from the 10% AEP event entering the area, validating the SOP of the 
embankment. However, the embankments cannot prevent flood waters from the 0.5% of 
05LSH01696u 
01ABB01831 








0.1% AEP events entering the area, and as a result, the housing development is risk for 
floods in excess of the 10% AEP event. 
 
  
Figure 3-17: Extract from Shannon CFRAMS Tidal Flood Map 
S2526LIK_EXCCD_F1_23 of the Saint Mary’s Park area (indicated in red) of 
Limerick City (OPW 2019). Full map included in Appendix B 
The estimated flood levels in the River Shannon in the Saint Mary’s Park area range from 
4.08 mAOD to 4.12 mAOD for the 1% AEP fluvial event to 5.13 mAOD to 5.16 mAOD 
for the 0.1% AEP tidal event.  
As tidal flooding poses the greatest risk to Saint Mary’s Park, the tidal flood levels are 














3.7.3 Design Flood Level 
The return period or AEP of the February 2014 event is unknown but is considered to be 
greater than the 10% AEP event as modelled in the CFRAMS as the embankment was 
breached during the event. The event caused flooding on the landward side of the 
embankment prior to failure, which was not predicted in the 10% AEP event in the 
Shannon CFRAMS maps.  
‘The Planning System and Flood Risk Management Guidelines for Planning Authorities’ 
(Department of Environment, Heritage and Local Government 2009) developments 
comprising of residential accommodation should be located in areas at a low risk of 
flooding such as Flood Zone C or 1 in 1000-year or greater. This means that embankments 
in the area would have to provide protection up to the 0.1% AEP level.  
When an allowance for climate change is included, a level of 5.61 mAOD is 
recommended as the minimum level for design of the embankments at Saint Mary’s Park. 
A suitable freeboard must be added to account for uncertainties associated with the 
estimation of the design water level, wave effects, construction tolerances, ground and 
embankment settlement and long-term deterioration of the defence. The OPW 
recommends that a 300 mm freeboard be used for the design of bridges, and this figure 
was adopted for this study (Table 3-7). There is limited guidance available on freeboard 
and a ‘rule of thumb’ value is often applied as noted in Section 2.5.6. 
Table 3-7: Shannon CFRAMS Node 05LSH01258 estimated flood levels including 







There is 0.80 m difference between the estimated future flood level and the embankment 
design crest level. The crest level of the embankment at Saint Mary’s Park at the time of 
the embankment failure was approximately 4.0 mAOD. Upgrade works to Saint Mary’s 
Park to provide a Standard of Protection of 0.1% AEP would require the embankment to 
be raised by 1.9 m.  



























4 Geotechnical Parameters & Analysis of the Lower Shannon Region 
This chapter outlines the geotechnical data collected for the soils encountered in the 
Limerick City region. The study area included locations from Coonagh west of Limerick 
City to Castletroy to the east as shown in see Figure 4-1 below. The aim is to develop 
generalised ground profiles, along with geotechnical parameters to be used in the 
assessment of strength and compressibility of the embankment supporting soils. 
 
Figure 4-1: Limerick City with study area indicated by red line 
The presence of alluvial deposits is often an indication of a flood history in an area. In 
times of flood, the water flows over the riverbanks and onto the flood plain depositing 
alluvial materials. The larger and coarser materials are deposited close to the riverbanks. 
The smaller and finer materials are carried and deposited further away from the riverbanks 
over the flood plain and mark the extents of a flood.  
 
  








4.1 Geotechnical Data of the Lower Shannon Region 
The geotechnical properties of the Lower Shannon Region, with particular focus on 
Limerick City, were obtained Geological Society of Ireland (GSI) database, PUNCH 
Consulting Engineers project files and reports carried out for infrastructure projects in the 
area highlighted in Figure 4-1. 
4.1.1 GSI Database 
The GSI is responsible for providing geological advice and information and gathers data 
from site investigation carried out by third parties. The GSI produces maps, reports and 
databases (Geological Survey Ireland 2020) that users can view and download; including 
borehole logs and in-situ and laboratory test results.  
The data for sites on or close to the banks of the River Shannon were reviewed and 
include: 
• Foundation Building University of Limerick (GSI Report 1500); 
• Arthurs Quay Development (GSI Report 1508); 
• Limerick Tunnel (GSI Report 1513); 
• Penney’s Store, O’Connell St, Limerick (GSI Report 1516); 
• Irish Tar and Bitumen Suppliers (GSI Report 1816 & 2330); 
• MSSI Building, University of Limerick (GSI Report 2297); 
• Long Pavement Halting Site (GSI Report 2484); and 
• Guinness Bridge (GSI Report 2546). 
See Figure 4-2 for the locations of these site investigations. 
 








Figure 4-2: Location of geotechnical site investigations examined. Site boundaries are highlighted in red, while exploratory test locations 
indicated in blue 







Table 4-1 is a summary of the data obtained from a reviewed site investigations on the GSI database. While this database does not include the level of 
data that would be required for detailed design, they will be used a method of comparison in this study. 


















GSI Ref - 1500 1508 1513 1516 1816 2297 2484 2546 
Moisture Content %           14.6 23 14.4 
Liquid Limit %     20 23 75 18.8 34 27.5 
Plastic Limit %     13 14.7 40 13.5 18 17.5 
Plastic Index %     7 8.3 35 5.3 16 10 





      8 60.84       
 
 








4.1.2 Infrastructure Projects 
There have been a number of significant infrastructure projects carried out along the River 
Shannon in the Limerick City area. The soil conditions encountered were well-
documented along with the issues encountered onsite. The geotechnical information 
provided in the infrastructure reports were reviewed and are discussed in the following 
section.  
Bunratty By-Pass Design & Construction 
The Bunratty By-Pass was constructed as part of the N18 Limerick to Shannon Road. 
This 5.0 km stretch was constructed from the mid 1980’s to 1990’s. The works included 
the construction of medium to high embankments on soft ground. A thorough site 
investigation was carried out on both sides of a drumlin which rose above the general 
ground level west of the Ratty River. A report was prepared by Connolly et al. (1990) on 
the design and construction of the Bunratty By-Pass following completion of the project. 
The report notes that the soils encountered during the site investigations were 
predominately soft alluvial sandy silts with some peat over glacial tills underlain by 
bedrock. The soft alluvium soils were found to be up to 12.0 m deep in places. Laboratory 
tests indicated that the permeability of the marshland deposits was very low at high 
effective stresses. It was noted that under natural conditions of drainage, settlements 
might continue to occur for up to 20 years. It was decided to use a 1.0 m surcharge to 
minimise the effects of secondary settlement. 
The report recorded the presence of layers of soft clay at various depths. This was a cause 
for concern, particularly as a translational slope failure was a critical failure mechanism.  
Limerick Tunnel 
The Limerick Tunnel forms part of the Limerick City Bypass, connecting the M7 
motorway and N18 dual carriageway. The scheme included flood bunds to provide 
continuity of the existing river flood protection and to protect the roadway and tunnel.  
The flood plain of the River Shannon is underlain by extensive deposits of very soft to 
soft alluvium comprising mainly organic silts and clays up to depths of 13.0 m. This 
report noted that at some locations, the depth of this alluvium extends to 16.0 m for 
example at the Clonmacken Link toll Plaza area. 








The site investigation confirmed the presence of between 2.0 and 3.0 m of very soft silts 
cu < 20 kPa. 
During the construction of embankments for the road & tunnel, there were a number of 
embankment failures and accounted by Buggy and Curran (2011). Forensic investigations 
of the failures were carried out and established as contributors to the failures: 
• Accidental over-steepening of side slopes to around 1:1.3 instead of 1:2 the design 
slope; 
• Presence of nearby ditches especially drains cut skew or transverse to the 
embankment; 
• Poor quality fill (Moisture Content Value 5 to 8% with significant organic 
material) compounded by wet weather conditions; and 
• High filling rates around 1.5 to 3 m/week. 
One section of the embankment experienced settlements greater than 0.1 m over a three-
month period, plus a deformation limit approaching 1.0 immediately prior to failure. 
Remedial works involved the removal of the all materials (both fill and alluvium) within 
the failed soil block. 
  








4.1.3 PUNCH Consulting Engineers Project Files 
In addition to the files gathered from the GSI database, site investigation reports within 
the PUNCH Consulting Engineers archive, which were not available through the GSI 
database, were included in the review. The site investigations that were reviewed include: 
• St. Mary’s Park (prepared by Causeway Geotech); 
• Orchards Field (prepared IGSL Ltd); 
• Clonmacken Roundabout (prepared Webber Associates & Lankelma); 
• Castletroy Wastewater Treatment Plant (prepared by Priority Geotechnical Ltd); 
• Hamilton House Plassey (prepared by Causeway Geotech); 
• University of Limerick Boathouse (prepared by Glover Site Investigation Ltd); 
and 
• Limerick Smarter Travel (prepared by Causeway Geotech). 
The site investigation data from the above sites, along with a few others is discussed in 
the following sections.  
4.1.4 Site Selection 
The sites which were considered to be within a suitable radius of Limerick City and are 
located close to the River Shannon and are as follows: 
• St. Mary’s Park, Limerick City; 
• Orchard Site, Limerick City; 
• Clonmacken Roundabout Development, Limerick City; 
• River Shannon Tunnel, Limerick City; 
• Castletroy WWTP; 
• UL Boathouse; and 
• Limerick Smarter Travel Route 2. 
The geotechnical properties of the above sites were compared to assess the similarities of 
the ground conditions at these locations.  
Figure 4-3 indicates where these sites are located relative to Limerick City. A detailed 
review of geotechnical site investigations for each site is included in Appendix D and an 
overview is presented in the following sections. 









Figure 4-3: Location of Site Investigations reviewed as part of this study (indicated 
by red star) 
4.1.5 Overview 
The lands along the Lower Shannon Region are underlain with thick layers of moderately 
to highly compressible fine-grained sediments with localized organic soils and peat 
deposits of variable thickness. Typical soil conditions are presented in the following 
tables.  
Table 4-2: Indicative Geotechnical Stratigraphy for areas located by the River 




Depth bgl to top of 
layer (m) 
Thickness (m) 











silt with sand 
lenses 




Granular 0.1 16.6 0.4 4.4 
4 
Bedrock Limestone bedrock was encountered during a number of the 
investigation at depths ranging from 7.30 to 16.80 m bgl 
 



























Moisture Content % 29.5 17 60 84 21 14.5 29 34.83 
Liquid Limit % 38 33 69 95 41 32 37 46.88 
Plastic Limit % 21.5 14 35 44 24  22.5 26.14 
Plastic Index % 16.5 19 31 51 17  14.5 22.43 
Bulk Density Mg/m3   1.67 1.59    1.63 
          
Organic Content %   4 0 – 20 2.01 - 0.76 1.88 
Sulphate as SO4 mg/l  35 324  14 48 69.5 93.33 
pH -  8.47 7  7.8 7.5 9.025 8.14 
Chloride g/l   <0.01    0.02 <0.150 








Table 4-4: Overview of Alluvial Deposit Geotechnical Properties for areas located 
by the River Shannon on Limerick City and environs 
Property Units Max Average Min 
Moisture Content % 84.0 34.8 14.5 
Liquid Limit % 95.0 46.9 31.0 
Plastic Limit % 44.0 26.1 14.0 
Plastic Index % 51.0 22.4 9.0 
Bulk Density Mg/m3 1.7 1.6 1.6 
     
Organic Content % 4.0 1.9 0.7 
Sulphate Content as SO4 mg/l 324.0 93.3 14.0 
pH - 9.4 8.1 7.0 
Chloride g/l 53.0 <0.150 0.01 
     
SPT N Blows 25.0 25.0 25.0 
CPT Cone Resistance (Max) MPa 2.0 2.0 2.0 
Mv m2/MN 1.1 1.1 1.1 
Oedometer Consolidation m2/MN 1.8 1.8 1.8 
Isotrophic Consolidation m2/MN 1.1 1.1 1.1 
Table 4-5: Overview of Glacial Deposits Geotechnical Properties for areas located 
by the River Shannon on Limerick City and environs 
Glacial Deposits 
Property Units Max Average Min 
Moisture Content % 25 17 11 
Liquid Limit % 38 29 21 
Plastic Limit % 20 15 10 
Plastic Index % 18 14.5 11 
Bulk Density Mg/m3    
Organic Content % 1 1.4 1 
Sulphate Content as SO3 mg/l 7 7 7 
Sulphate Content as SO4 mg/l 100 48 8 
pH - 8 7.72 8 
Chloride g/l 20 20 20 








There is a large variance in many of the properties, however, the properties found at 
Clonmacken and the River Shannon Tunnel were relatively similar (moisture content, 
plastic and liquid limits) with the remaining examined sites demonstrated similarities 
also. The Clonmacken and River Shannon Tunnel site investigations identified the 
greatest depth of clay layers. Furthermore, the values obtained from the review of the GSI 
database are similar to those obtained from the review of the site investigation data. 
4.2 Geotechnical Ground Profiles 
Following the review of the geotechnical information as outlined above, the following 
geotechnical ground profiles were developed to be analysed. The profiles represent the 
average and extreme ground profiles. Ground Profile 4 is representative of the ground 
conditions encountered at the St Mary’s Park embankment. 
4.2.1 Ground Profile 1 
This profile is the average model based on the data gathered from the various site 
investigations (see Table 4-2 and Table 4-4). 
A layer of topsoil/made ground was encountered at all sites to an average depth of 0.60 
m, overlying a layer clay material to an average depth of 4.30 m. Granular material was 
encountered at all locations (average layer thickness of 1.70 m). 
Topsoil/Made Ground (0.60 m) 
Clay (3.70 m) 
Sandy gravelly Granular material 
(1.70 m) 
Figure 4-4: Generalised Ground Profile 1 








4.2.2 Ground Profile 2 
This profile illustrates the extreme example, where the clay layers are deepest. 
Clay (17.10 m) 
Sandy gravelly Granular material 
(2.50 m) 
Limestone 
Figure 4-5: Generalised Ground Profile 2 
4.2.3 Ground Profile 3 
This profile represents locations where layers of granular material are greatest, with minor 
clay layers. 
Topsoil/Made Ground (1.00 m) 
Clay (0.40 m) 
Sandy gravelly Granular material 
(2.50 m) 
Limestone 
Figure 4-6: Generalised Ground Profile 3 








4.2.4 Ground Profile 4 
This profile is a representation of the site conditions encountered during the site 
investigations of the embankments in Saint Mary’s Park Limerick City. 
Silty/Sandy Clay (6.10 m) 
Medium to Coarse Gravel (3.40 m) 
Firm to stiff/very stiff brown sandy 
gravelly Clay (2.30 m) 
Figure 4-7: Ground Profile 4 illustrating profile at St Mary’s Park 
  








4.3 Summary of Geotechnical Parameters and Profiles 
This section reviewed geotechnical information in the Lower Shannon region and to 
develop generalised soil profiles of the stratigraphy encountered across the study area.  
There was particular emphasis on the near surface strata as they govern the short- and 
long-term performance of the flood embankments 
This review identified similarities in the type of soils encountered across the study area. 
As anticipated, layers of silt/clay were encountered in all reviewed site investigation data 
and were also characterised in the reports prepared on the River Shannon Tunnel and 
Bunratty Bypass.  
Following this review, four generalised soil profiles were developed to be analysed 
further. The profiles were based on the data gathered from the review of the site 
investigation data in the study area, and the GSI database.  
The settlement and bearing capacities of these soil profiles will be examined in the 
following sections. 
  








4.4 Geotechnical Analysis & Results 
The aim of this analysis is to assess the settlement and bearing capacity of the soft soils 
found along the River Shannon in the Limerick City and Castletroy areas, where 
vulnerable flood embankments are located. This data will identify areas of risk and inform 
the strategic improvement plan. 
The analysis comprises the estimation of the immediate settlement and primary settlement 
resulting from increased loading due to increases to embankment height.  
4.4.1 Primary Consolidation Settlement 
The primary consolidation settlement was estimated using both the Coefficient of Volume 
Compressibility (mV) and the Compression Index (CC) methods. The analysis of the 
primary settlement is included in Appendix E, and the results are presented below.  
Results 
The coefficient of volume compressibility (mV) is calculated from the oedometer and 
isotropic consolidation triaxial test results on the Clonmacken Road. The figures obtained 
using the report were considered to best represent the soil characteristics as there was a 
larger number of results pooled to complete the analysis, see Appendix E for details. 
Furthermore, the estimates of mV using the graph prepared by on the Clonmacken Road 
site investigation align with the estimates at the Bunratty Bypass site, which ranged from 
1.7 to 0.5 (Connolly et al. 1990) for the alluvial deposits. The values obtained from the 
report considered to be representative of the alluvial deposits encountered within the 
study area. The estimation of primary consolidation as a result of increasing the 
embankment height using the mV methods is shown in Table 4-6. 
Table 4-6: Prediction of primary consolidation (mm) with increased embankment 
height using mV 
 
Displacement (mm) 
0.5 m 1.0 m 1.5 m 2.0 m 2.5 m 3.0 m 
Profile 1 51 99 143 164 191 227 
Profile 2 96 191 277 369 410 472 
Profile 3 22 40 57 70 80 92 
Profile 4 94 184 250 334 405 462 








The greatest settlements are predicted to occur following the greatest increase in loading. 
Furthermore, as can be seen from Figure 4-8, the profiles where the largest settlements 
are predicted to occur are Profiles 2 and 4. These profiles have the greatest depths of clays 
with the profile with the greatest depth of granular soils (Profile 3) demonstrates the 
lowest predicted primary consolidation.   
 
Figure 4-8: Estimated Primary Consolidation with increased embankment height 
using mV Method 
The time to reach 90% primary consolidation in each soil profile is outlined in Table 4-7 
below. 
Table 4-7: Estimation of time to reach 90% primary consolidation 
 Profile 1 Profile 2 Profile 3 Profile 4 

























Increase in Embankment Height (m)
Primary Consolidaton with Increased Embankment Height
Profile 1 Profile 2 Profile 3 Profile 4









Using the Coefficient of Volume Compressibility (mV) to estimate the primary 
consolidation yielded higher settlements in the ground profiles than the Compression 
Index (CC) method This may be as a result of the limited experimental results used to 
obtain values for CC and the void ratios, as previously discussed. The site investigation 
report from the Clonmacken Roundabout included only three raw oedometer test results, 
compared to the array of results presented in the graph of mV in the same report. 
The largest settlements were estimated in Soil Profile 2. This soil profile has the greatest 
depth of silt/clay and as such, it was anticipated that the greatest settlements would occur. 
Estimated settlements in this profile for a 3.0 m increase in embankment height are 484 
mm using the mV method. 
Soil Profile 3 demonstrated the lowest amount of estimated consolidation settlements, 
and again, this was expected due to the thick layers of granular material present. 
Settlement for a 3.0 m increase on the embankment height result is estimated at 114 mm.  
Comparing the mV and CC methods, the largest differences between the methods is found 
in soil profiles 2 and 3, which contain the greatest depth of clay layers. This may be as a 
result of the limited raw data available to calculate the estimates of CC compared to the 
range in values used to estimate mV values.  
As can be seen the time to reach 90% consolidation ranged from 11 days to 62 years. The 
maximum time to reach 90% consolidation was estimated at 62 years in profile 2, which 
is the profile with the greatest depth of clay.  
The time to reach 90% primary consolidation does not include the presence of sand lenses 
in the clay layers mentioned earlier in Section 4.1. The presence of these lenses will 
increase the rate of pore water dissipation and, therefore, reduce the time to reach 90% 
consolidation.  
Their presence makes estimates of the time of consolidation for 100% consolidation very 
difficult as they display a different rate of consolidation than the clay. The sand lenses 
have a positive effect on the time rate of consolidation. 








4.4.2 Estimation of Bearing Capacity 
An analysis of the bearing capacity of the soils in the study area was carried out using 
parameters determined from both in-situ and laboratory results within the study area, 
along with empirical correlations.  
The soil profiles were typically made up of varying depths of clay over stronger deposits. 
The exception was St. Mary’s Park where the thin clay and stronger layers were underlain 
by second layer of clay. 
Due to the presence of clays in the soil profiles, the undrained shear strengths are 
considered to be of greatest importance and will govern the design and construction of 
the embankments. 
Results 
The bearing capacity of the soil is dependent on the undrained shear strength, which was 
determined above, and increases with depth. Therefore, the depth at which the bearing 
capacity is being calculated will govern the undrained shear strength at that location. 
However, to determine the allowable bearing capacity of the soil, a factor of safety must 
be applied. Due to the nature of embankments and the lower sensitivity to settlements, a 
factor of safety of 1.5 is widely used, which results in a much lower allowable bearing 
capacity (qallow), as shown in Table 4-8. 
Table 4-8: Allowable undrained bearing capacity at depths in alluvial soils 





1.4 4.9 25.0 16.7 
4.3 19.5 100.0 66.7 
6.1 29.2 150.1 100.0 
11.8 53.5 275.1 183.4 
17.1 82.7 425.2 283.5 
 
  








The estimates of the drained bearing capacities of the soils in the study are given in Table 
4-9. 






Clay 200.72 133.8 
Granular soil 373.35 248.9 
 
It should be noted that the estimates of drained bearing capacities are based on limited 
information on the drained parameters in the area, as undrained parameters were 
considered in the site investigations. 
The estimates of ultimate undrained bearing capacities in the Limerick City region were 
low, which are in-line with expectations for silt/clays. The allowance of a factor of safety 
reduces the bearing capacity further. For comparison, presumptive values for bearing 
capacities are given in Table 4-10. 
Table 4-10: Presumed bearing values for soils (taken from Whitlow (2001)) 
Soil Description 
Safe Bearing Capacity 
(kPa) 
Medium dense gravel or sand/gravel 200 – 600 
Stiff clays 150 – 300 
Firm clays 75 – 150 
Soft clays and silts <75 
Very soft clays and silts Not applicable 
 
While the drained bearing capacity was also noted, it can be seen that the lower undrained 
bearing capacities of the alluvial soils, will govern the maximum loading that can be 
applied to the alluvial soils in the study area, and therefore, the undrained shear strength 
is considered to be the most critical.  
The bearing capacity estimated at a depth of 1.4 m below ground level would support a 
load of 16 kPa which is approximately 1 m of the alluvial deposits encountered during the 
site investigation. 








The bearing capacities noted above, assume that each soil layer is homogenous, where in 
reality, the site investigation noted lenses of sand and organic material in the clay layers. 
The presence of these lenses would increase the rate of pore water dissipation and result 
in changes to the boundary conditions.  
In the report on the River Shannon Tunnel Approach Roads, Buggy and Curran (2011) 
noted that the clays encountered exhibited very low undrained shear strengths (cU < 20 
kPa). The decision was made to surcharge the ground prior to construction of the 
embankments which resulted in a faster construction timeframe, and increased bearing 
capacity. However, it was also noted that a filling rate of less than 1.0 m/week was noted 
as the critical monitoring threshold, which highlights the low bearing capacities of the 
alluvial deposits encountered. It was also noted that historical road contracts employed 
relatively slow filling rates of 0.1 to 0.25 m/week plus surcharge durations of up to 2 
years. These low fill rates are representative of the conditions estimated following a 
review of the bearing capacity of the soils encountered in the study area.  
Furthermore, the failure noted during the River Shannon Tunnel construction resulting 
from high filling rates of around 1.5 to 3 m/week once again highlight the significance of 
the low shear strength exhibited by the alluvial deposits. 
4.5 Discussion 
Geotechnical analysis was carried out based on generalised soil profiles developed as part 
of a review of geotechnical site investigation carried out in Limerick City. An analysis on 
the bearing capacity of the soils encountered in the study area was also carried out as 
described in Section 4.1, and the results presented above. 
The settlement results highlight the importance of identifying the presence and extent of 
silt/clay layers in site investigations. Predicting settlements in the design of embankment 
improvements and incorporating the estimates into the improvement works ensure that 
settlements will not cause in a reduction in the design crest level and cause overtopping 
of an embankment.  
The predicted settlements will need to be addressed when designing the increased 
embankment heights and will increase the loading as a result of embankment 
improvements. It should be noted that boreholes logs of the soils encountered during the 








site investigations in the study areas identified lenses of sand and peat through the clay 
layers in some locations. The above analysis assumes that the soil layers are homogenous. 
The presence of these lenses with a higher permeability results in an acceleration of 
settlements, as the pore water can dissipate through these lenses faster than the clay soils 
and therefore reducing the time of consolidation.  
The significance of the undrained bearing capacities is considered to be vital when 
considering improvements to embankments in areas where layers of soft silt/clays are 
encountered. As previously mentioned, all soils develop strength when water is expelled 
from the pores of the soil and allow grain to grain contact of the clay particles. At this 
stage, the soil is considered to be acting in a drained condition. However, the rate at which 
water is expelled from clays is low due to low permeability rates and, therefore, the time 
to reach fully drained conditions usually extends beyond that of the construction period. 
The undrained bearing capacity is therefore considered to govern the design when 
considering silts/clays.  
The results estimated from the analyses in this chapter will be brought forward and 
incorporated to outline the strategic embankment improvements presented in Chapter 5. 
The accuracy of the predicted settlement is influenced by the spacing of the stress 
evaluation points. Decreasing the vertical distance between the points, increases 
accuracy. Large changes of stress or stiffness between adjacent points will lead to a 
reduction of accuracy. Stress evaluation points should therefore also be closely spaced 
beneath and around localised loads and where the variation of stiffness with depth is large. 
For soils in which the Young's modulus (E) varies linearly with depth, additional sub-
layers can be generated automatically by specifying the maximum allowable ratio of E 
between adjacent stress evaluation points. This ratio controls the maximum variation of 
E within each sub-layer. The default ratio value is 1.5. It must be emphasised, however, 
that even with constant E the accuracy of the Boussinesq solution is still a function of the 
number of sub-layers. 
 















Strategic Embankment Improvements 
  








5 Strategic Embankment Improvements 
Embankment improvement works depend on ground conditions underlying the 
embankment and height increase required protect against the predicted flood levels 
discussed in Chapter 3. In this chapter, flood risk analysis is undertaken which 
incorporated the above criteria and identifies the area that are of greatest risk of 
inundation along the study area. 
5.1 Identifying Risk 
There are stretches of embankments within the study area where crest levels are below 
the estimated 1 in 100-year flood level – even when not accounting for the influence of 
climate change. Many areas identified as being at risk have previously been subject to 
flooding, as can be seen in Table 3-6. 
In establishing a level of risk at each location in the table above, the consequences of 
flooding at these locations needs to be reviewed. The flood risk and consequences will 
dictate where remedial action is required, and the ground conditions will govern the 
timescale and methodology to be used for any improvement works. 
5.1.1 Flood Risk 
Flood Risk is generally accepted to be a combination of the likelihood (or probability) of 
flooding and the potential consequences arising, and can be expressed in terms of the 
following relationship: 
𝐹𝑙𝑜𝑜𝑑 𝑅𝑖𝑠𝑘 = 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝐹𝑙𝑜𝑜𝑑𝑖𝑛𝑔 × 𝐶𝑜𝑛𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒𝑠 𝑜𝑓 𝐹𝑙𝑜𝑜𝑑𝑖𝑛𝑔 
The risk associated with flood water overtopping the riverbanks and encroaching on the 
adjacent lands was considered at each CFRAMS node location. Each location was given 
a risk score based on the likelihood of flooding occurring and the severity of the outcome. 
The risk scoring system was developed using the Health Service Executive (HSE) risk 
matrix (shown in Table 5-1), which is commonly used in construction to assign a level of 
risk associated with the impact/severity of the outcome. 
  








Table 5-1: Flood Risk Matrix 
FLOOD RISK 
Impact/Severity of Outcome 
Negligible Minor Significant Major Fatal 
Likelihood 1 2 3 4 5 
Improbable 1 1 2 3 4 5 
Remote 2 2 4 6 8 10 
Possible 3 3 6 9 12 15 
Probable 4 4 8 12 16 20 
Almost Certain 5 5 10 15 20 25 
The scores were plotted on the Risk Matrix and to determine the rating of the risk being 
assessed in terms of a colour and a numerical score for the risk is assigned for example a 
major impact of 4 having a remote likelihood 2 will result in a rating of a yellow risk 
rating of 8.  
• The high risks are scored between 15 and 25 and are coloured Red; 
• Medium risk is scored between 9 and 12 and are coloured Amber; 
• Low risk is scored between 6 to 8 and are coloured Yellow; 
• Minimal risks are scored between 1 and 5 are coloured Green.  
  








For the purposes of this study, the impact or severity of outcome as are described in Table 
5-2. 
Table 5-2: Outline for Impact or Severity of Outcome of Flooding 
Level Consequence 
Negligible 1  
Minor 2 
Rural or agricultural areas where 
failure may damage farm buildings, 
limited agricultural land, or township, 
or country roads; failure and therefore 
would represent no danger to human 
life. 
Significant 3 
Predominately rural or agricultural 
areas where failure may damage 
isolated homes, secondary highways, 
or minor railroads; cause interruption 
of use of service of relatively 
important public utilities; or cause 
some incremental flooding of 
structures with possible danger to 
human life.  
Major 4 
Failure may cause serious damage to 
homes; agricultural, industrial and 
commercial facilities; important 
public utilities; main highways; or 
railroads, and where there would be 
danger to human life 
Fatal 5 
Failure may result in the loss of human 
life or chemical threats 
 
The flood impact, likelihood and risk score at the CFRAMS nodes within the study area 
are included in Table 5-3. 
 







Table 5-3: Risk associated with flooding in Limerick City  
Location 




North Bank South Bank North South North South North South 
University of 
Limerick 
University of Limerick 
Properties at Risk 
University of Limerick 
Properties at Risk 
Possible Possible Major Major 12 12 
University of 
Limerick 
University of Limerick 
Properties at Risk 
Limerick Smarter Travel 
Path inaccessible 
Possible Possible Major Major 12 12 
University of 
Limerick 
Greenfield land at risk 
Wastewater Treatment Plant 
flooding & Limerick 
Smarter Travel Path 
inaccessible 
Possible Remote Minor Fatal 6 15 
Castletroy WWTP Properties & Roads at Risk 
Wastewater Treatment Plant 
flooding & Limerick 
Smarter Travel Path 
inaccessible 
Possible Possible Major Fatal 12 15 
Groody Greenfield land at risk Properties & Roads at Risk Possible Possible Minor Major 6 12 
Shannon Fields Properties & Roads at Risk Properties & Roads at Risk Possible Possible Major Major 12 12 
Athlunkard Bridge Properties & Roads at Risk Properties & Roads at Risk Remote Remote Major Major 8 8 
Shannon Banks Properties & Roads at Risk Properties & Roads at Risk Possible Remote Major Major 12 8 







Table 5-4 cont.: Risk associated with flooding in Limerick City 
Location 




North Bank South Bank North South North South North South 
Long Pavement Properties & Roads at Risk Properties & Roads at Risk Possible Remote Major Major 12 8 
Long Pavement Greenfield land at risk Properties & Roads at Risk Possible Possible Significant Major 9 12 
St Mary's Park Properties & Roads at Risk Properties & Roads at Risk Possible Possible Major Major 12 12 
King John's Castle Properties & Roads at Risk Properties & Roads at Risk Possible Remote Major Major 12 8 
Sarsfield Bridge Properties & Roads at Risk Properties & Roads at Risk Possible Remote Major Major 12 8 
Shannon Bridge Properties & Roads at Risk Properties & Roads at Risk Remote Remote Major Major 8 8 
Limerick Docks Properties & Roads at Risk Limerick Docks flooding Possible Possible Major Major 12 12 
Condell Road Properties & Roads at Risk Limerick Docks flooding Possible Possible Major Major 12 12 








Flooding at Castletroy Wastewater Treatment Plant would result in raw sewage or 
chemicals entering the River Shannon and would be fatal to aquatic life in the river 
resulting in significant economic resources to manage and mediate. Contaminated flood 
waters hamper rescue efforts and put people at a greater risk of illness. There would also 
be a significant risk to the entire foul drainage network, resulting in further risks to human 
health. 
Although the severity of flooding to greenfield areas is classed as significant, based on 
the low risk to human life, continuous and ongoing flooding of the greenfield areas used 
for agriculture may result in long-term economic losses for owners and may put animals 
at risk. However, the risk to animals in the Lower Shannon Region is minor. Flood 
warnings are issued when water levels are raised as a result of heavy rains in the upper 
catchment and at high operating levels at Parteen Weir and Ardnacrusha, which allows 
farmers to move animals to safer areas. The lag time between Lough Allen and Lough 
Ree, a distance of 75 km, is estimated to be five days (ESB Energy International 2011), 
giving adequate time to remove livestock from the lands at risk. 
The need to increase the crest level of the embankments in high risk areas is essential to 
ensure the level of protection in maintained even in the worst-case climate change 
predictions. 
5.2 Improvement Works 
There are many areas in the Lower Shannon where the embankments require 
improvement works as outlined in the previous sections. The methodology for 
improvements to these embankments is governed by the ground conditions encountered 
onsite. 
The ground conditions reviewed as part of this study identified soft silt/clay layers at 
numerous locations across Limerick City and the Castletroy area at the University of 
Limerick. The presence of these clay layers results in low permeability rates and 
undrained shear strength conditions during remedial works. Under these conditions, the 
short-term embankment stability is critical. 








Ground Profile 1, 2 and 4 presented in Chapter 4 are at greater risk of experiencing a 
bearing capacity failure during construction due to the low undrained shear strength of 
the soft foundation soils. 
The compressibility of these profiles is also of concern as consolidation of fine-grained 
soils is a time dependent process. Additional embankment material will need to be placed 
to compensate for the long-term settlement; failure to do so will reduce the SOP of the 
embankments. 
Specific actions are designed to respond to each ground profile encountered and there are 
discussed in the following sections. 
5.2.1 Remedial Actions 
The Action Type A or B are assigned to each generalised ground profile as outlined in 
Table 5-4. The actions are explained in the following sections. 




1 Action A 
2 Action A 
3 Action B 
4 Action A 
Action A 
Action A is to be carried out on ground conditions where the foundation soils encountered 
are characterised by soft silts/clays with low undrained shear strength. 
This method of embankment improvement works will be required in areas where the 
generalised Ground Profile 1, 2 or 4 are encountered. These ground conditions are 
encountered at many locations along the River Shannon. Increases in embankment height 
at these locations need to be planned and designed with caution, as rapid loadings of the 
soft soils can result in bearing capacity failure (as occurred in St Mary’s Park, see Section 
3.7). 
The ultimate bearing capacity for these soils is 25 kPa which equates to approximately 
1.5 m of embankment fill deposits (see Appendix E for more details). 








𝑞𝑈 =  𝑐𝑈𝑁𝐶𝑚 +  𝛾𝑍 
Equation 1 
Where: 
qu = ultimate bearing capacity (kPa); 
cu = undrained shear strength of the soil (kPa); 
Ncm = a modified form of Nc depending on the ratio of the cu values of both materials, 
the thickness of the upper layer and the shape, depth and width of the foundation. This 
value is obtained from Vesic’s 1975 paper; 
γ = unit weight of the soil (kN/m3); and 
Z = depth to bottom of foundation (m). 
Ncm was determined by calculating the ratio of width against height (B/H) of layer and 
the undrained shear strength of the soils (cu2/ cu1). The loading resulting from a strip 
footing is considered representative of the loading of an embankment, as the length of the 
embankment (L) compared with the width (B) is greater than one (L/B ≥ 5).  
Embankment heights should be increased in a staged construction sequence, limiting the 
risk of bearing capacity failure, and also allowing onsite monitoring using piezometers, 
inclinometers and topographical surveying of settlements plates and visual inspections. 
The number of stages will be related to the required increase in embankment height and 
the material being used. This decision will be made in consultation with a geotechnical 
specialist in areas identified as having soft soils. 
A staged construction sequence requires planning and the development of a long-term 
improvement and monitoring programme. As the rate of settlement in clays is low as a 
result of the low permeability rates, monitoring of embankments where there is a flood 
risk should be considered to ensure that the required level of protection is maintained. 
Furthermore, the estimated settlements associated with load increases need to be 
incorporated into the increase in embankment height. As discussed in Section 4.4.1, the 
estimated time to reach 90% primary consolidation was 62 years in Profile 2, which again 
highlight the importance of monitoring these embankments over their lifetime as part of 
maintenance schemes. 








It should be noted that improving the embankment would require the increased height to 
be constructed in layers, which would call for machinery and plant to be brought onsite. 
Consideration must be given to lightweight construction options, by limiting large plant 
onsite and using manual construction methods, which will help to reduce the risk of a 
bearing capacity failure by limiting excess loading. It would also be prudent to undertake 
a quick site investigation (Atterburg, CPT, Push Vane, etc.) at each high-risk area if the 
embankments increases are going to be in excess of 2 m.  
With proper planning, the need for interventions to accelerate consolidation, for example, 
surcharging and/or prefabricated vertical drains would not be required, reducing the 
expense on the local authority/OPW. 
Action B 
Action B is to be carried out in ground conditions where the foundations soils encountered 
are granular in nature, and drained shear strength parameters are used in the assessment 
of bearing capacity. Long term settlements are not generally of concern in coarse grained 
soils as the settlement takes place during the construction period. 
This method of embankment improvement works will be required at areas where the 
generalized Ground Profile 3 is encountered. These ground conditions respond best to 
relatively fast increased loading as the drained shear strength parameters reported in the 
SI data from the study area suggest bearing capacity of these materials will not be an 
issue. However, the free draining ability of coarse-grained soils means any load increase 
is immediately transferred to the soil’s skeleton in effective stress. The consequence of 
which is a denser stiffer soil as the settlement takes place almost instantaneously, as was 
highlighted by the estimated time to reach 90% primary consolidation of 0.03 years 
approx. 11 days. 
The allowable drained bearing capacity was estimated at approximately 150 kPa.  






qult = ultimate bearing capacity 








c = shear strength of the soil (kPa); 
Nc, Nq and Nγ = bearing capacity factors  
q = overburden pressure at the base of the embankment; 
B = width of the embankment; and 
γ = unit weight (kN/m3). 
The factors Nc, Nq and Nγ are as per Table 5-5 (see Appendix E for more details). 
Table 5-5: Drained shear strength factors 
  ϕ = 28° ϕ = 25° 
Nc 25.8 20.7 
Nq 14.7 10.7 
Nγ 13.1 8.11 
 
It should also be noted that the soils would require compaction in layers, and therefore 
effectively be surcharged prior to each load stage similar to highway construction 
methods and follow Transport Infrastructure Ireland (TII) standards. 
5.2.2 Monitoring 
The land adjacent to the River Shannon at locations considered for monitoring are 
predominately rural and predominantly agricultural uses. there is no immediate risk to 
human life. There is a need to monitor embankments in this area to ensure the SOP is 
maintained and inspections will identify any issues with embankments.  
  








5.2.3 Timeframe for Actions 
While action is required at areas at risk, immediate action must be considered at critical 
locations. The improvement works will be assigned a timescale as outlined in Table 5-6. 
Table 5-6: Impact Vs Priority Rank 
Level Consequence Priority Rank 
Minor 
Rural or agricultural areas where 
failure may damage farm buildings, 
limited agricultural land, or township, 
or country roads; failure and therefore 




Predominately rural or agricultural 
areas where failure may damage 
isolated homes, secondary highways, 
or minor railroads; cause interruption 
of use of service of relatively 
important public utilities; or cause 
some incremental flooding of 
structures with possible danger to 
human life.  
Medium Priority 
Major 
Where failure may cause serious 
damage to homes; agricultural, 
industrial and commercial facilities; 
important public utilities; main 
highways; or railroads, and where 
there would be danger to human life 
High Priority 
Fatal 
Where failure may result in the loss of 












5.3 Risk Register 
The combined flood and ground conditions risk are outlined in Table 5-7 and Figure 5-1.  
 
Figure 5-1: Priority of River Shannon Embankments from the University of 
Limerick to Condell Road in Limerick City 
Although the location at the Castletroy WWTP at University of Limerick would not be 
considered to be at risk due to the strong foundation soils, the severity of overtopping and 
subsequent consequences, requires urgent improvement works to mitigate the risk. This 



































Table 5-7: Lower Shannon Action and Priority Level assignment for prevention of 


































































































12 12 Action A High 
Condell Road 7667 
Ground Profile 
2 
12 12 Action A High 
* There are demountable flood barriers located in Limerick City Centre from Sarsfield Bridge to Shannon 
Bridge and as such these areas are not considered for improvement works. 
 








5.4 Embankment Management 
The effective management and monitoring of raised embankments once constructed will 
ensure that the Standard of Protection will be maintained throughout their design life. 
There are a number of methods for managing embankments and are discussed below. 
The OPW provide guidance on Environmental Drainage Maintenance which outline the 
species that may be encountered, and this should be referred to during all maintenance 
works along the River Shannon. 
Corrective maintenance 
Corrective Maintenance is performed in response to failure. This type of maintenance 
may be justified when damage associated with failure is minor or if no serious 
consequences are associated with failure. The damage is corrected after it occurs. This is 
what happened at Coonagh, Limerick City in September 2019. 
Preventative maintenance  
This method is performed in anticipation of failure or after deterioration of equipment has 
been detected. Preventive maintenance may be mandatory when system failure is 
associated with serious consequences for the continued operation of the system or because 
of serious or unacceptable consequences for the public, property and environment. This, 
both corrective maintenance and preventive maintenance are legitimate approaches under 
proper circumstances. The criteria for selecting one or the other are essentially the costs 
and consequences of failure. 
Maintenance on demand 
This form of maintenance is most desired as the performance is known and continuously 
monitored. If departures beyond a normal band of deviation occur, in-situ sensor alarms 
are triggered that alert operators of the need for inspection or immediate maintenance 
action. While it may not be feasible (from both an economic and personnel perspective) 
to have this level of maintenance across an entire river catchment, areas identified as ‘high 
risk’ will benefit from the continuous monitoring. This approach is recommended for 
embankments designed as ‘Monitor’ in the Risk Register above. 
  









The requirement for improvements to portions of the embankments in the Lower Shannon 
Region is clear. However, from previous unsuccessful remedial actions taken in St. 
Mary’s Park the construction sequence for increasing embankment heights in areas where 
clays are present is imperative to protect against failure. The need to identify the ground 
profile and its bearing capacity is evident as it will control the maximum allowable height 
increase to be constructed in a single ‘lift’. Careful monitoring of ground improvement is 
required both during and after construction. 
The priority level of the improvements to embankments is considered to be a function of 
the risk and consequence of flooding, while the actions require for improvements are a 
function of the ground conditions. 
The emphasis should be on areas identified as Urgent. Once the improvement works to 
these areas is undertaken, the High Priority areas with Action A should be reviewed. 
Works in areas with a Ground Profile of 1, 2 and 4 require improvement works to be 
carried over a staged construction period and will need to be planned and managed by a 
geotechnical specialist.  
 
















Assessing the Impact of the Strategic Embankment 
Improvement Scheme 
  









6 Assessing the Impact of the Strategic Embankment Improvement 
Scheme 
To evaluate the impact of raising the embankment on the flood extents and demonstrate 
the validity of the strategy outlined in Chapter 5, a flood model was developed of the 
River Shannon and the lands surrounding the wastewater treatment plant. This is 
discussed in the next section. 
Castletroy WWTP was identified in the Risk Register in the previous section as requiring 
Urgent Action to the embankment. The impact of the improvement works at the WWTP 
will be demonstrated in this section and will highlight the importance of understanding 
the impact of climate change on flood levels in the River Shannon. 
6.1 Case Study: Castletroy Wastewater Treatment Plant 
The Castletroy WWTP flooded during the winter 2015/2016 and resulted in a significant 
environmental risk to the area and highly sensitive environment of the River Shannon. 
The flooding overtopped the embankment and entered the treatment plant causing non-
treated wastewater to enter the river.  
The embankments along the WWTP are at risk over being overtopped during between a 
1 in 10 and 1 in 100-year fluvial event and require urgent action to prevent an 
environmental hazard at this location in the River Shannon. 
Contaminated flood waters hampered rescue efforts and put people at a greater risk of 
illness. There was also be a significant risk to the foul drainage network in this densely 
populated area, resulting in further risks to human health.  
The WWTP is located adjacent to the River Shannon at the University of Limerick, see 
Figure 6-1. 










Figure 6-1: Location of the Castletroy WWTP plant and the embankments 
6.2 CFRAMS Estimated Flood Level 
The existing footpath/embankment at the wastewater treatment plant has an elevation 
range of 6.04 mAOD to 6.30 mAOD (taken from Limerick Smarter Travel topographical 
survey). The 1 in 100-year flood level in the CFRAMS River Shannon at the model node 
nearest the site (09LSH00082u) is 6.94 mAOD, see extract from CFRAMS map in Figure 
6-2 below. 











Figure 6-2: Extract from CFRAMS fluvial map S2526LIK_EXFCD_F1_10. Full 
map included in Appendix B 
As per OPW recommendations, wastewater treatment plants should be located outside 
the extents Flood Zone A and B. The embankments in this area should therefore protect 
the site against the 1 in 1000-year level to protect the WWTP against inundation. 
Further allowances are required to provide a suitable freeboard for any uncertainties 
associated with the estimation of the design water level, wave effects, construction 
tolerances and long-term deterioration of the defence.   




















Current + Climate 
Change 
+ Freeboard Current + Freeboard 
6.38 6.94 7.24 6.94 7.24 
Therefore, the design crest level of the embankment along this stretch of river to defend 
against a 1 in 100-year fluvial event including freeboard would be 7.24 mAOD and would 
be in excess of 7.24 mAOD to protect against a 1 in 1000-year flood event. The future 
flood levels were estimated as outlined in Section 3.4.2. 
There is a difference of 1.24 m between the design flood level and the existing 
embankment level. The crest level of the embankment at the site ranges from 6.04 to 6.30 
mAOD. Upgrade works to embankment to provide a Standard of Protection of 0.1% AEP 
would require the embankment to be raised by 1.24 m.  
6.3 Action Required 
Given the strong underlying foundation soils, the improvement works could be done in a 
relatively short timeframe once compaction requirements are satisfied (Action B).  
The representative ground profile at the WWTP is both type 1 and 3, and, on this basis, 
the method of embankment improvement was identified as both Action A and Action B. 
Given the location of the works adjacent to the River Shannon, soft soils are likely to be 
present. As such, improvements to the embankments must be carried out in a staged 
construction sequence requires planning and the development of a long-term 
improvement and monitoring programme. As the rate of settlement in clays is low as a 
result of the low permeability rates, monitoring of embankments where there is a flood 
risk should be considered to ensure that the required level of protection is maintained. 
Furthermore, the estimated settlements associated with load increases need to be 
incorporated into the increase in embankment height. The allowable drained bearing 
capacity was estimated at approximately 24 kPa.  
Consideration must also be given to the machinery and plant required onsite to increase 
height to be constructed in layers, which would call for machinery and plant to be brought 
onsite. Consideration must be given to lightweight construction options, by limiting large 









plant onsite and using manual construction methods, which will help to reduce the risk of 
a bearing capacity failure by limiting excess loading. It would also be prudent to 
undertake a quick site investigation (Atterburg, CPT, Push Vane etc.) at each high-risk 
area if the embankments increases are going to be in excess of 2 m. 
The required increase of 1.24 m would induce a loading of 19.6 kPa, which is below the 
allowable bearing capacity of 24 kPa of the soft soils 
6.4 Hydraulic Flood Model for Castletroy WWTP 
A hydraulic was developed to determine the impact of the improvement works at the 
WWTP. The following sections detail how this model was developed and the results of 
the model simulations. 
6.4.1 Hydrological Analysis  
A hydraulic model cannot work in isolation for generating predictive flood maps; it must 
be accompanied by a hydrological assessment of the relevant catchment. In general, for 
a natural river channel methodology such as the Flood Studies Updates (FSU) and the 
Institute of Hydrology Report No. 124 (Flood Estimation for Small Catchments, 1994) 
are the methods of choice for predicting future flow rates. In general, the method of flow 
rate used is based on the catchment size: 
• Catchment <25 km2 use the Institute of Hydrology report IH124; 
• Catchment > 25 km2 use the FSU Webportal Application.  
As the catchment area upstream of the treatment plant is 11,580 km2, the FSU 
methodology is employed. The Flood Studies Update (FSU) Web Portal developed by 
the OPW was used to estimate the flows in the river at the WWTP site (OPW and 
HydroNET BV HydroLogic BV 2020). A copy of the FSU report and audit is included in 
Appendix F. 
  










This study will assess the existing embankments SOP for predicted water level rises due 
to climate change. 
Based on the OPW recommended allowances for climate change discussed in Section 2.6, 
flood flows are increased by 20%. 
Table 6-2: Estimated 1 in 100 and 1 in 1000-year flow rates 
Return Period (T) 1 in 100 year 1 in 1000-year 
CFRAMS Flow (m3/s) 660.07 880.29 
FSU Flows (m3/s) 702.38 803.08 
Deirdre Ryan 2020 Model16 Current Flows 702.38 803.08 
Deirdre Ryan 2020 Model Future Flows 842.86 963.70 
The hydrograph shown in Figure 6-3 was generated in the OPW FSU Webportal. 
 
Figure 6-3: Deirdre Ryan 2020 Model Current Flood Hydrograph for current 1 in 
100-year flows 
 


























Hours relative to peak
Q100 Hydrograph









6.5 Hydraulic Model 
To determine the impact of raising the embankment on the both the Wastewater 
Treatment Plant and surrounding area, a hydraulic model was developed. The approach 
taken was to develop a 1D-2D linked hydraulic model which models both flows in and 
out of channel flows, and across the floodplain. This is the same approach as taken in the 
CFRAMS project. The software packages employed for this study were Flood Modeller 
and TUFLOW17 which are industry standard. These packages can be linked to assess a 
combined 1D-2D hydraulic model.  




17 The version of Flood Modeller used was 4.3.6374.24686 (© 2017 CH2M HILL). For TUFLOW, build 
2016-03-AB-iDP-w64 was utilised (© TUFLOW 2007 – 2016). 









6.6 Model Results 
6.6.1 Existing Embankment heights, Current Flows 
The current flood extents with the embankments at their current height were developed 
initially to determine the current scenario. The results of this model simulation are shown 
in the figure below. 
 
Figure 6-4: Existing Embankment Heights, Current Flow Flood Extents 
The model shows the WWTP currently falls within the Flood Zone A and B extents (1 in 
100 and 1 in 1000-year respectively) with the current embankment height and current 
flows.  
The modelling indicates, as per the CFRAMS maps, the site in within the flood extent. 
The current embankment height does not protect the treatment plant as anticipated. The 
estimated flood level is 6.30 mAOD during the 1 in 100-year event, which is at least 150 
mm above the top of the existing embankment.  
The levels estimated in the flood model are in general agreement with the CFRAMS flood 
levels shown in the table below. 









Table 6-3: Comparison of CFRAMS and Ryan Model Estimated Flood Levels 
Flood Event CFRAMS 
(mAOD) 
Flood Model adopted for study 
(Ryan, 2020) (mAOD) 
1 in 100-year 6.38 6.42 
1 in 1000-year 6.94 6.67 
 
6.6.2 Impact of Increased Embankment heights under Current Flows 
As part of the embankment improvement programme, this area was identified as requiring 
urgent action to raise the embankment height. 
The embankment height was increased to levels ranging from 6.31 to 6.7 mAOD to reflect 
the flood levels from the current scenario model. The model was rerun to determine the 
impact of the embankment improvements (required) under the current design flows.  
 
Figure 6-5: Increased Embankment Heights, Current Flow Flood Extents 
The raised embankment height and current flows shows the WWTP falls outside the 
Flood Zone A and B extents (1 in 100 and 1 in 1000-year respectively). The increased 
embankment provides a SOP of 0.1% AEP for the current river flows. 









6.6.3 Impact of Raised Embankment and Increased Climate Change Flows 
The impact of Climate Change was then investigated on the improved SOP of the 
embankment. 
The flow within the model was increased by 20%, and the model was rerun with the 
increased embankment height of 6.31 to 6.7 mAOD.  
 
Figure 6-6: Increased Embankment Heights, Increased Climate Change Flow 
Flood Extents 
The model shows the WWTP falls within the Flood Zone A and B extents (1 in 100 and 
1 in 1000-year respectively). Flood levels within the site range from 6.75 and 7.0 mAOD. 
As can be seen from the image above, the wastewater treatment plant is no longer 
protected, and the site is at risk of inundation. The embankment does not provide the SOP 
required for future flows. 
  









6.6.4 Additional Increased Embankment, Future Flows 
The height of the embankment was increased to between 6.75 and 7.1 mAOD in the model 
and the flows inclusive of climate change were simulated again. The image below shows 
the impact of raising these embankments. 
The increased embankment height protects the site from inundation and the site is no 
longer within the flood extents.  
 
Figure 6-7: Additional Increased Embankment Heights, Increased Climate Change 
Flow Flood Extents 
The proposed increased embankment height offers a SOP of 0.1% for the future flows. 
The proposed embankment height increase is below the estimated height increase of 1.24 
m and is approximately 1.1 m when a freeboard of 0.3 m is included. This increase is less 
than the maximum allowable bearing capacity without a bearing capacity failure. 
However, the movement and requirement for machinery onsite needs to be considered 
also. It is likely that the additional load from the machinery required would be greater 
than the allowable bearing capacity, and the construction works would need to be staged 
and monitored to manage the risk of a bearing capacity failure.  










A similar strategy can be applied to the study area to protect areas currently at risk of 
flooding. 
The area surrounding the wastewater treatment plant is subjected to flooding in the current 
day flood scenario. The strategy for embankment improvements outlined in Section 6, 
identified the WWTP as an area of concern due to the significant human health and 
environmental risk following flooding.  
The proposed improvements to the embankments and the results of the flood modelling 
demonstrate the need for embankment improvements to be carried out in light of climate 
change. It also highlights the need for monitoring the flood levels on an ongoing basis to 
improve predictions.  
The embankment increase required to protect against climate change generates a load less 
than the allowable bearing capacity at this location. In this instance, the embankment 
improvements should be progressed immediately to prevent future flooding as seen in 
December 2015. The works will need to be phased as to account for the additional load 





























Flooding is an important process in the natural environment and can’t be eradicated 
completely. Flood events are accelerating in international and national significance with 
devastating flooding experienced on all continents over the last decade. 
The Atlantic Ocean is the leading influence on Ireland’s climate and as a result, Ireland 
does not suffer from weather extremes, but storms generated over the Atlantic travel 
towards Ireland which lead to flooding, particularly along the south-west and west coast. 
Limerick is Ireland’s third largest city and as with many other cities in Ireland, has a 
history of flooding from both fluvial and tidal events. Tidal flooding is often easier to 
predict, and the duration of flooding is short and flood levels recede quickly. Fluvial 
flooding in the lower Shannon region is much more difficult to predict, and flood levels 
can often remain elevated for months as the ESB manage the release of water through 
Parteen Weir, Ardnacrusha and Lough Derg, as occurred in December 2015. 
The Lower Shannon region in and around Limerick City is comprised mainly low-lying 
lands, large portions of which are historical floodplains. Following development of these 
areas and reclamation of lands, there is a growing requirement to defend the lands 
adjacent to the river. Many of these defences are in the form of earthen embankments that 
were originally constructed to protect agricultural lands. There are many of these 
embankments along the River Shannon in Limerick City, many of which are undetectable 
to the naked eye, and form part of the landscape. The OPW CFRAMS maps detail the 
location and level of protection or Standard of Protection (SOP) provided by these 
embankments. They are often used as footpaths and cycleways and are predominantly 
maintained by the OPW under the Arterial Drainage Acts 1945 and 1995, as discussed in 
Section 2.4.1. 
There is a history of flooding in the Lower River Shannon, with events in November 
2009, January/February 2014 and December 2015 being some of the most damaging on 
record. 
Following the devastation caused by the embankment collapse in Saint Mary’s Park in 
2014, the importance of these embankments was brought to the public eye. The flooding 









of residents. This flooding was a result of a ‘perfect storm’ with high spring tides combing 
with large flows in the River Shannon. Emergency actions taken to remediate the 
embankment damage exacerbated an already precarious situation. Had there been a 
greater understanding of the underlying ground conditions, and the impact of these on 
any remedial works being undertaken, there may have been a substantial reduction in the 
damage caused to the surrounding area. The aftermath of emergency work on the 
embankment resulted in significant post flood construction having to be undertaken in the 
area including the construction of a sheet piled embankment.  
The importance of these embankments was heightened further during flooding in August 
2019, which resulted in flooding of the Coonagh area of Limerick City. The embankments 
were breached and caused extensive flooding of the area. Several pitches at a GAA club 
were flooded following two days of heavy rains and high tides and forced the evacuation 
of three homes. Reports by Halloran (2019) on RTÉ indicated that the emergency 
measures were “put in place with contractors employed by the OPW working on pumping 
water from the affected areas and stabilising the embankments to prevent further flooding 
as a number of other houses in the village remain vulnerable”. 
The fitness for purpose of these earthen flood embankments are assessed in this study.  
As part of the national CFRAMS programme, the River Shannon was modelled and 
predicted flood levels for Limerick City provided for the first time. These were higher 
than those previously regarded as the industry standard or ‘rule of thumb’ for 
development in the city area. These increased levels predicted flood extents in the city in 
several areas that were not considered at risk previously. Many of the embankments were 
constructed to protect against these levels, it is acknowledged that these embankments 
are non-engineered and were originally constructed to manage agricultural lands – not 
residential lands. As the revised flood levels are higher, the height and level of protection 
provided by these embankments must be re-evaluated.  
Moreover, Climate Change guidance published by the OPW predicts significant increases 
in fluvial flood flows and tidal flood levels resulting in even larger predicted future flood 
levels. The trends show the climate change predictions are occurring sooner that 
originally estimated, and at an accelerated rate. These predictions therefore need to be 









indicates that the frequency of flooding in Limerick City has increased over the past 30 
years. 
A review of the historical flood levels, extents and locations in conjunction with the latest 
CFRAMS maps and flood levels were used to establish areas at risk of flooding within 
the study area. The existing embankment levels in the Lower Shannon region were 
examined and areas at risk of flooding currently and into the future (using the latest OPW 
guidance) were identified. The impact of climate change on these levels is also included.  
It is evident from the review of embankment levels and the predicted future tidal and 
fluvial levels that sections of these embankments no longer provide the level of protection 
required and works must be undertaken to improve the SOP. In some instances, the level 
of protection is insufficient for the present-day needs. Due to increasing severity and 
occurrence of flooding in the area, improvement to the flood protection measures is 
required to minimise the risk of flooding in the future. 
The impact of the underlying soils must be considered as any embankment improvements 
carried out is impacted significantly by the underlying soil behaviour when loaded. This 
study outlines the steps required to construct embankment improvements on the different 
ground profiles encountered in the vulnerable areas.  
To determine the course of action, a review of the geotechnical information in the study 
area was undertaken. The soils in the region around Limerick City are well documented, 
particularly when issues are encountered during construction. Two large construction 
projects undertaken in the region faced significant geotechnical challenges: the Bunratty 
By-Pass and the Limerick Tunnel. These projects encountered the soft Limerick Clays 
and there are numerous published studies on the impact this clay had on construction 
(Buggy and Curran 2011). The Bunratty By-Pass faced significant delays and additional 
construction time due to the presence of compressible fine-grained soils.  
These two projects along with the database gathered from a review of the site 
investigation reports made available through the PUNCH Consulting Engineers archives, 
indicate that this clay was encountered in most areas across this city. The presence of 
alluvial deposits was found in most of the site investigations reviewed, many of which 










This ground information gives an insight to the history of the lands and the extent of 
historical flooding and possible abandoned river channels.  
The presence of alluvial deposits (as shown in Figure 7-1) is often an indication of a flood 
history in an area and indeed many of the areas where alluvial deposits were encountered 
had a history of flooding. In times of flood, the water flows over the riverbanks and onto 
the flood plain depositing alluvial materials. The larger and coarser materials are 
deposited close to the riverbanks. The smaller and finer materials are carried and 
deposited further away from the riverbanks over the flood plain.  
 
Figure 7-1: Presence of alluvial deposits following a review of the Geotechnical 
Database 
The presence of the alluvial deposits also causes issues for water disposal in the event of 
a flood. The fine-grained soils act as a barrier to infiltration and can result in flood waters 
ponding for large periods of time, as was seen along the River Shannon in November 
2009 and January 2016. This causes long lasting effects including inaccessible lands and 
houses for long periods. Development on these floodplains has meant that housing estates 
become islands during flood events. This hampers emergency services and remedial 









These clay layers results in low permeability and undrained shear strength conditions. 
Under these conditions, the short-term embankment stability is critical. 
The geotechnical data gathered was used to generate four generalised soil profiles and the 
bearing capacity and settlement characteristic of each of the soil profiles was analysed.  
Ground Profile 1, 2 and 4 were predominantly soft clay and as such will experience long-
term settlements, of the order of 300 mm due to raising the crest level by 1 m. The short-
term bearing capacity of these soils may also be an issue during remedial work as was the 
case at St Mary's Park. Ground Profile 3 was made up of predominantly granular material 
and therefore, is less vulnerable to bearing capacity and settlement issues. Large increases 
in the embankment height in areas where Ground Profiles 1, 2 and 4 are encountered and 
remedial works should be carried out in a staged construction sequence, limiting the risk 
of bearing capacity failure. 
Long term settlements are not generally of concern in Ground Profile 3 as the settlement 
takes place during the construction period. These ground conditions facilitate relatively 
fast loading as the drained shear strength parameters reported in the SI data suggest 
bearing capacity of these materials will not be an issue, while settlement in these granular 
profiles takes place almost instantaneously. 
Two remedial actions were established based on the ground conditions encountered 
within the study area:  
• Action A - Carried out on ground conditions encountered in Profiles 1, 2 and 4. 
The soils encountered are soft silts/clays with low undrained shear strength; and 
• Action B - Carried out in ground Profile 3, where the soils encountered are 
granular in nature, and drained shear strength parameters are used in the 
assessment of bearing capacity. 
These actions are assigned to areas with a flood risk according to the ground conditions 


















Ground Profile 1 
Ground Profile 2 
Ground Profile 4 
Ground conditions characterised by soft silts/clays 
with low undrained shear strength; 
Ultimate bearing capacity for these soils of 25 kPa; 
Increases in embankment height at these locations 
need to be planned and designed with caution; 
Rate of settlement in clays is low and extend to the 
design life; 
Embankment heights should be increased in a staged 
construction sequence, limiting the risk of bearing 
capacity failure; 
Onsite monitoring during construction. 
Action 
B 
Ground Profile 3 
Ground conditions are granular in nature, and drained 
shear strength parameters are used in the assessment 
of bearing capacity; 
Allowable drained bearing capacity of 150 kPa; 
Fast increased loading as the drained shear strength 
parameters will not be an issue; 
Settlement takes place during the construction period; 
Compaction in layers similar to highway construction 
methods and follow Transport Infrastructure Ireland 
(TII) standards. 
 
This data is then used to generate a strategy for embankment improvements within the 
study. The strategy employed to assess these areas included determining the land-use 
behind the embankments. The land use of these vulnerable areas varies from agriculture 
(e.g. along the northern banks of the River in Castletroy) to dense residential (e.g. St 
Mary’s Park) to educational (University of Limerick). While the land use of these areas 
is clearly very different, there is a need to address the risk in each case. There are land 
uses where flooding would result in a serious environmental risk to aquatic life, but 
priority must be given to the residential areas and areas where there is a significant risk 
to life in the event of a flood. 
A risk register of locations along the River Shannon within the study was generated to 
include a timeframe for actions to be carried out along with the Action required as shown 
in Table 7-2). The priority level of the improvements to embankments is a function of the 









a function of the ground conditions. It is also noted that some areas currently need to be 
managed to maintain the current SOP. 
Table 7-2: Lower Shannon Action and Priority Level assignment for prevention of 
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While it is clear from this study that the embankments needed to be raised, logistically 
not all the embankments can be addressed at once. This means that a priority must be 
given to the embankments: 
• that overlie (deep) deposits of compressible fine-grained soils and 
• where the risk associated with failure of the embankments poses a significant 
safety and economic impact.  
A number of areas were identified as being high priority, including St Mary’s Park and 
the Condell Road in Limerick City. However, the Castletroy WWTP was identified as 
requiring urgent action.  
In areas where the presence of compressible fine-grained soils exists, the process must be 
engineered and follow a staged construction sequence to avoid inducing a short-term 
bearing capacity failure. The identification of these soils is vital to ensure the areas where 
they exist are protected adequately at the onset of a flood. The Saint Mary’s Park area 
was identified as requiring a staged construction and given the risk to properties being 
protected by the embankments (Action A), on-going topping-up of the embankment is 
required to maintain freeboard as consolidation takes place. If works in these areas is not 
managed and planned correctly, remedial works may result in bearing capacity failure. 
This was demonstrated by the 2014 events in St Mary’s Park, the impact of not acting in 
advance of a flood is devastating. In this instance, if the raised embankments were in 
place in advance of a flood as recommended by Action A, the embankments would not 
have failed, and the damage caused by the flooding eliminated. 
The Castletroy WWTP and surrounding lands are subjected to flooding in the current day 
flood scenario and have flooded as recently as December 2015. The embankments 
protecting the WWTP from inundation are constructed on a soil profiles combining both 
predominantly granular and soft soils. Therefore, the soils may be vulnerable to a short-
term bearing capacity failure and Action A would be the conservative approach for this 
area. This work should be started immediately to protect the WWTP from a reoccurrence 
of the 2015/2016 flooding. While the increased load arising from the higher embankment 
would be less than the allowable bearing capacity estimated in the soft soils, the 
construction would require heavy construction plant on site thus increasing the bearing 
stress on the underlying soils. The construction would therefore be required to be planned 









In addition to the geotechnical analyses, a hydraulic model of the WWTP area was 
developed to assess the impact of the embankment improvement on the flood extents and 
to determine the impact of climate change on the embankments. A 1D-2D linked 
hydraulic model predicts both flows in and out of channel flows, and across the 
floodplain. This is the same approach as taken in the CFRAMS project. The software 
packages employed for this study were Flood Modeller and TUFLOW which are the 
industry standard. These packages can be linked to assess a combined 1D-2D hydraulic 
model. 
The modelling shows that if the embankments area raised to above the 1 in 1000-year 
flood level, placing the WWTP in Flood Zone C (considered appropriate in the OPW 
Flood Risk Management Guidelines), the embankment is anticipated to be overtopped 
following the predicted increase in river flows when climate change factors are 
incorporated into the model. Once the embankment height was increased within the 
model, the Standard of Protection of the embankment meet the 1 in 1000-year flood level 
with an allowance for climate change. 
Areas requiring Action A require advanced planning and liaison with a geotechnical 
specialist to manage the staged construction sequence and also provide guidance on the 
development of a long-term improvement and monitoring programme. As the rate of 
settlement in clays is low as a result of their low permeability, monitoring of 
embankments where there is a flood risk should be considered to ensure that the required 






























The aim of this study was to identify areas where improvements to the embankments 
along the River Shannon between the University of Limerick and Shannon Bridge in 
Limerick City are required to protect against future flood events linked to climate change 
and to mitigate any future flooding in the community and to determine the appropriate 
action for the areas identified. The strategy was built in 4 phases, which are discussed 
below. 
Phase 1 
A review of the historical flooding in Limerick City presented a trend of increased 
frequency and severity of flooding in the city over the past 30 years. Many areas that had 
flooded previously were identified in the latest CFRAMS maps, which predicted flood 
levels in Limerick City greater than the previously estimated levels. Climate Change 
guidance published by the OPW would result in significantly increased flood level 
predictions. The trends in climate change show the predictions are occurring sooner that 
originally estimated, and at an accelerated rate.  
The review of embankment levels along the river and the predicted future tidal and fluvial 
levels identified the need to increase the Standard of Protection of the flood embankments 
within the study area. In some instances, the level of protection is insufficient for the 
present-day needs. These areas along with many other in the Lower Shannon Region, 
remain at risk from flooding in the future.  
Phase 2 
Previous geotechnical site investigations reviewed in Limerick City identified 
predominantly soft clays with some areas of granular fill encountered also.  
The analysis carried out on the generalised soil profiles identified that the bearing capacity 
of the soft soils was low an anticipated and the time to reach 90% consolidation was up 
to 62 years. These settlements extend into design life of the embankment and must be 
accounted for in assessing the SOP of the embankments. The bearing capacity of the soft 
soils is approximately 25 kPa.  
Granular deposits have an approximate bearing capacity of 150 kPa and settlements 










The risk register developed from this study identifies areas along the River Shannon 
where the embankments are at risk of being overtopped along with a timeframe and action 
required. The priority level of the improvements to embankments is a function of the risk 
and consequence of flooding, while the actions require for improvements are a function 
of the ground conditions. It was also noted that some areas currently need to be managed 
to maintain the current SOP. 
Several areas were identified as being high priority, including St Mary’s Park and the 
Condell Road in Limerick City. However, the Castletroy WWTP was identified as 
requiring Urgent action. The WWTP and surrounding lands are subjected to flooding in 
the current day flood scenario and have flooded previously including December 2015. 
The strategy for embankment improvements developed in Section 5, identified the 
WWTP as an area of concern due to the significant human health and environmental risk 
following flooding. If works in these areas is not managed and planned correctly, remedial 
works may result in bearing capacity failure. This was demonstrated by the 2014 events 
in St Mary’s Park, the impact of not acting in advance of a flood is devastating. In this 
instance, if the raised embankments were in place in advance of a flood as recommended 
by Action A, the embankments would not have failed, and the damage caused by the 
flooding eliminated. 
Phase 4 
The hydraulic model showed that by simply increasing the embankment to the current 
flood level, left the WWTP at risk to the increased fluvial flows associated with climate 
change predictions. By accounting for these climate change increases in the design of the 
embankment improvements, the SOP of the embankment was increased to protect the 
WWTP against a 1 in 1000-year event including climate change. The works can be carried 
out as Action A and improvements should be progressed to planning and design as the 
works cannot be carried out quickly and must follow a staged construction sequence, with 
design input and supervision from a geotechnical specialist. As the rate of settlement in 
clays is low as a result of the low permeability rates, monitoring of embankments where 





























Based on the research findings outlined in this dissertation, the flood mitigation 
techniques to be adopted for the study area are included in Table 7-2 and are summarised 
in the following recommendations: 
1) As the WWTP at Castletroy was identified as requiring urgent improvement 
works, this should be progressed first. The improvements should be progressed to 
planning and design, as the works cannot be carried out quickly and must follow 
a staged construction sequence, with design input and supervision from a 
geotechnical specialist;  
2) Areas identified as High priority should be addressed and the approach in each 
case governed by the recommended action. It would be prudent to undertake a 
quick site investigation (Atterburg, CPT, Push Vane etc.) at each high-risk area if 
the embankments increases are going to be in excess of 2 m; 
3) Progress Action A improvements, regardless of the priority, to planning and 
design as the works cannot be carried out quickly and must follow a staged 
construction sequence, with design input and supervision from a geotechnical 
specialist; 
4) Engagement with stakeholders, local authorities and bodies responsible for the 
operation and maintenance of the River Shannon should be carried out to identify 
further areas at risk and to ensure unified approach to managing the flood risk in 
Limerick City and environs; and 
5) Maintenance of areas not identified at risk to be added to the OPW drainage 
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Appendix A. Previous Flood Information 
 
Summary Local Area Report
Map Scale
This Flood Report has been downloaded from the Web site www.floodmaps.ie. The users should take account of the 
restrictions and limitations relating to the content and use of this Web site that are explained in the Disclaimer box when 
entering the site. It is a condition of use of the Web site that you accept the User Declaration and the Disclaimer.
64 Results
This Flood Report summarises all flood events within 2.5 kilometres of the map centre.
Map Legend
Flood Points











* Important: These maps do 
not indicate flood hazard or 
flood extent. Thier purpose 




The map centre is in:
County:
NGR:
1. Shannon Lower Feb 1990 01/Feb/1990Start Date:
County: Flood Quality Code:
Additional Information: Photos (1) Reports (2) Press Archive (15) More Mapped Information
Clare, Limerick, Tipperary 2
2. Shannon December 1954 01/Dec/1954Start Date:
County: Flood Quality Code:
Additional Information: Reports (4) Press Archive (16) More Mapped Information
Clare, Galway, Leitrim, Limerick, Longford, Offaly, Roscommon, 
Tipperary, Westmeath
1
3. Shannon Dock Road Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (5) Press Archive (1) More Mapped Information
Limerick 2
4. Shannon Westfields Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) Press Archive (2) More Mapped Information
Limerick 2
5. Corrib Drive Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:Limerick 2
Report Produced: 06-Apr-2020 21:17
Additional Information: Reports (3) Press Archive (1) More Mapped Information
6. Clare St Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) Press Archive (1) More Mapped Information
Limerick 2
7. Shannon Adjacent Dock Road Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) Press Archive (1) More Mapped Information
Limerick 2
8. Shannon O'Malley Park Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) Press Archive (1) More Mapped Information
Limerick 2
9. Greenfield Road Rossbrien Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) Press Archive (1) More Mapped Information
Limerick 2
10. Ballysimon Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) Press Archive (2) More Mapped Information
Limerick 2
11. Shannon Ballynanty Killeely Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) Press Archive (1) More Mapped Information
Clare, Limerick 3
12. Shannon Fields Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) Press Archive (1) More Mapped Information
Clare, Limerick 3
13. Shannon Athlunkard St Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (10) Press Archive (1) More Mapped Information
Limerick 3
14. Healy's Field O'Briens Pk Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) Press Archive (1) More Mapped Information
Limerick 3
15. Corbally St Mary's Pk Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (9) Press Archive (2) More Mapped Information
Limerick 3
16. Clancy's Strand Harry's Mall Limerick Dec 1999 23/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Photos (2) Reports (17) Press Archive (3) More Mapped Information
Limerick 3
17. Corbally R463 Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (5) Press Archive (1) More Mapped Information
Limerick 2
18. Kilmurry Road Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) Press Archive (1) More Mapped Information
Limerick 2
Report Produced: 06-Apr-2020 21:17
19. St Patrick's Road Well Field Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) Press Archive (1) More Mapped Information
Limerick 2
20. Clancy O'Callaghan's Strand Limerick Feb 1997 10/Feb/1997Start Date:
County: Flood Quality Code:
Additional Information: Photos (1) Reports (3) More Mapped Information
Limerick 2
21. Clancy's O'Callaghan's Strand Limerick Jan 1995 17/Jan/1995Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) Press Archive (1) More Mapped Information
Limerick 3
22. Custom House Quay Sarsfield St Limerick Feb 2002 11/Feb/2002Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) More Mapped Information
2
23. Shannon Condell Road Limerick Feb 2002 11/Feb/2002Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) More Mapped Information
3
24. Athlunkard Street Limerick Feb 2001 04/Feb/2001Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) More Mapped Information
Limerick 4
25. Harry's Mall Limerick Jan 1995 17/Jan/1995Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) More Mapped Information
3
26. Limerick Condell Road Feb 1990 01/Feb/1990Start Date:
County: Flood Quality Code:
Additional Information: Photos (2) More Mapped Information
3
27. Clancy's Strand Limerick Feb 2002 11/Feb/2002Start Date:
County: Flood Quality Code:
Additional Information: Photos (2) Reports (7) More Mapped Information
2
28. OCallaghans Strand Limerick Feb 2002 11/Feb/2002Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) More Mapped Information
Limerick 3
29. Limerick City 1st February 2014 01/Feb/2014Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 3
30. Limerick City 3rd January 2014 03/Jan/2014Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 3
31. Shannon Limerick Dec.2006 01/Dec/2006Start Date:
County: Flood Quality Code:
Additional Information: Photos (1) Reports (1) More Mapped Information
Clare, Limerick 2
32. Corbally Limerick Feb 2002 27/Feb/2002Start Date:
Report Produced: 06-Apr-2020 21:17
Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) More Mapped Information
Limerick 3
33. Limerick Feb 2002 - Killely 11/Feb/2002Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 2
34. St Mary's Park Limerick Feb 2002 11/Feb/2002Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 3
35. Shannon  Harrys Mall Limerick Feb 2002 11/Feb/2002Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) More Mapped Information
3
36. Clancy's Strand Limerick 17/10/2001 17/Oct/2001Start Date:
County: Flood Quality Code:
Additional Information: Photos (1) More Mapped Information
2
37. Shannon Long Pavement Parteen Limerick  Dec 2000 01/Dec/2000Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 4
38. Harry's Mall Limerick Feb 2000 08/Feb/2000Start Date:
County: Flood Quality Code:
Additional Information: Photos (1) More Mapped Information
2
39. Abbey River Athlunkard St Limerick Jan 00 01/Jan/2000Start Date:
County: Flood Quality Code:
Additional Information: Photos (2) Reports (1) More Mapped Information
Limerick 2
40. Verdant Place Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) More Mapped Information
Limerick 2
41. Ballynaclough River Limerick Dec 1999 25/Dec/1999Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) More Mapped Information
Limerick 3
42. Lee Estate Island road Limerick Feb 1997 10/Feb/1997Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 2
43. Harry's Mall Limerick Feb 1997 10/Feb/1997Start Date:
County: Flood Quality Code:
Additional Information: Photos (1) Reports (4) More Mapped Information
2
44. Meadowbrook Limerick Feb 1997 10/Feb/1997Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) More Mapped Information
Limerick 3
Report Produced: 06-Apr-2020 21:17
45. Reboge Limerick Feb 1997 10/Feb/1997Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) More Mapped Information
Limerick 3
46. Condell Road Limerick Feb 1997 10/Feb/1997Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) More Mapped Information
3
47. Dock Road Bishops Quay Limerick Feb 1997 10/Feb/1997Start Date:
County: Flood Quality Code:
Additional Information: Reports (3) More Mapped Information
Limerick 3
48. Corbally Limerick Feb 1997 10/Feb/1997Start Date:
County: Flood Quality Code:
Additional Information: Photos (1) Reports (3) More Mapped Information
Limerick 3
49. Corrib Drive Limerick Oct 1995 24/Oct/1995Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 3
50. Limerick Dock Rd  Jan 1995 25/Jan/1995Start Date:
County: Flood Quality Code:
Additional Information: Photos (1) More Mapped Information
Limerick 3
51. Longpavement Road Limerick Jan 1995 17/Jan/1995Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 3
52. Limerick Abbey River Athlunkard area May 1994 03/May/1994Start Date:
County: Flood Quality Code:
Additional Information: Photos (2) Reports (2) More Mapped Information
Limerick 2
53. Clancy's Strand Limerick Jan 1994 26/Jan/1994Start Date:
County: Flood Quality Code:
Additional Information: Photos (5) Reports (1) More Mapped Information
2
54. Sarsfield St Arthur's Quay Limerick City Feb 1990 21/Feb/1990Start Date:
County: Flood Quality Code:
Additional Information: Photos (8) More Mapped Information
2
55. Raheen Dooradoyle, Limerick Feb 1990 01/Feb/1990Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 1
56. Limerick City Clancy's Strand Feb 1990 01/Feb/1990Start Date:
County: Flood Quality Code:
Additional Information: Photos (1) More Mapped Information
2
57. Ballynaclogh Rosbrien August 1986 05/Aug/1986Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 3
58. Cathedral Place Limerick Recurring Start Date:
Report Produced: 06-Apr-2020 21:17
Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) More Mapped Information
Limerick 3
59. Shannon Corbally Limerick Recurring Start Date:
County: Flood Quality Code:
Additional Information: Reports (2) Press Archive (7) More Mapped Information
Limerick 3
60. Monaclinoe Drainage Area - Limerick Recurring Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 3
61. Ashbrook Gardens Limerick Recurring Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 4
62. South Circular Road St Mary's Limerick Recurring Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 4
63. Ballynaclogh Rosbrien Recurring Start Date:
County: Flood Quality Code:
Additional Information: Reports (1) More Mapped Information
Limerick 4
64. Limerick Adjacent Courthouse undated Start Date:
County: Flood Quality Code:
Additional Information: Photos (1) More Mapped Information
Limerick 3





          Flooding in Limerick City Area. November 2009 
 
 
Extensive flooding occurred in the Limerick City Area following a 
prolonged period of very intensive rainfall in the Shannon Basin. 
Aerial Photographs were taken during a Helicopter Flyover on the 














































AERIAL PHOTOGRAPH OF THE CORBALLY AREA  
FLOOD EVENT REPORT
OPW
Flooding a  t Limerick City on 3  rd  . January 2014.
The information contained in this report has been  submitted to The Office Of Public
Works (OPW) by the Shannon CFRAMS Consultants.
 Location and date of flood event:
Locations: 1.Condell Road, 2. Clancy Strand / O' Callaghan Strand, 3.Verdant Place /
St. Mary's Park, 4.Corbally Road and 5. Merchants Quay – Courthouse area.
National Grid Reference: 
  
Irish Grid Co-ordinates – 155,900 156,680
This flooding event started at 06:00 Hrs. on Friday,  3rd January 2014 and ended at
07:00 Hrs. on Friday, 3rd January 2014. 
 Source and cause:
The source of the flood waters was tidal waters from the River Shannon, caused by
high tides in the Shannon Estuary.
1. Condell Road :
It is thought that flooding breached the embankment at three points. One was beside
Barringtons Pier and the other two were at low points in the embankment where a
shallower slope was present on the City side of the pier. This resulted in the flooding
of this section of Condell Road up to 500 mm approximately. The road was closed
until 12:00 Hrs. and the green area adjacent to the pier was also affected by flooding.
Drains on the opposite side of Condell Road from the river bank were blocked – the
council dug channels in the opposite side to allow water to drain from the road.
2. Clancy Strand / O' Callaghan Strand :
Stone clad flood defence wall  failed and water poured through points in the wall.
Approximately 150 mm. Depth of water on the roadway.
Further down on O' Callaghan Strand, the Council had put up a flood defence barrier,
but the boat club did not put up their barrier on the slipway and this provided an
additional entry point at this location.
3. Verdant Place / St. Mary's Park : 
Flood waters came through the wall in a number of places (white marks on wall in
photos mark these locations). Flooding over-topped the wall. The Council were well
prepared for flooding here and were on site with a pump which avoided flooding  of
nearby properties.
4. Corbally Road :
A section of Corbally Road and adjacent green areas were affected by the flooding
event. The road remained closed until 12:00 Hrs. on 03/01/2014. It is thought that the





The following flood information was provided:
Flood Parameter Max Value Typical Value Comments
Flood  Level  (metres
OD Malin)






Flooding has occurred these locations before. 
 Impacts of flooding event:
It was recorded that this flooding event had the following impacts.
Impacts to people: There was no loss of life or no serious injuries resulting from the
flooding event were reported.
Impacts to property: 
Residential – No internal flooding of propertied was reported.
Community – there were no reports of community buildings affected.
























Courthouse Carpark facing West.
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Map Scale: 1: Plot Scale: 1:1 @ A3
LIMERICK











THE VIEWER OF THIS MAP SHOULD REFER
TO THE DISCLAIMER, GUIDANCE NOTES AND











10% AEP Coastal Flood Extent
(1 in 10 chance in any given year)
0.5% AEP Coastal Flood Extent
(1 in 200 chance in any given year)
0.1% AEP Coastal Flood Extent













05LSH02164 4.07 4.78 5.05
05LSH01696u 4.07 4.77 5.13
01ABB01831 4.08 4.77 5.16
Node Label







Tidally influenced flooding does not
extend upstream of this point.



















































Map Scale: 1: Plot Scale: 1:1 @ A3
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THE VIEWER OF THIS MAP SHOULD REFER
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10% AEP Coastal Flood Extent
(1 in 10 chance in any given year)
0.5% AEP Coastal Flood Extent
(1 in 200 chance in any given year)
0.1% AEP Coastal Flood Extent













07LSH00000 4.86 5.16 5.37
Node Label













Fluvially influenced flooding does not
extend downstream of this point.



























































THE VIEWER OF THIS MAP SHOULD REFER
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10% AEP Fluvial Flood Extent
(1 in 10 chance in any given year)
1% AEP Fluvial Flood Extent
(1 in 100 chance in any given year)
0.1% AEP Fluvial Flood Extent
(1 in 1000 chance in any given year)













01ABB01313 3.81 4.01 4.29
01ABB00912 3.80 3.97 4.24
01ABB00639 3.75 3.88 4.12
01ABB00212 3.62 3.65 3.76
05LSH000697 3.76 3.94 4.18
05LSH00000 3.61 3.62 3.68
04LSH02561u 3.60 3.60 3.60
Node Label












































































THE VIEWER OF THIS MAP SHOULD REFER
TO THE DISCLAIMER, GUIDANCE NOTES AND










10% AEP Fluvial Flood Extent
(1 in 10 chance in any given year)
1% AEP Fluvial Flood Extent
(1 in 100 chance in any given year)
0.1% AEP Fluvial Flood Extent
(1 in 1000 chance in any given year)













09LSH01631 7.46 8.17 8.81
09LSH01315u 7.00 420.44 7.66 640.32 8.23 856.21
09LSH00325 5.82 435.79 6.46 660.07 7.10 880.29
09LSH00082u 5.77 435.79 6.38 660.07 6.94 880.29
09LSH00000 5.75 441.97 6.36 668.04 6.92 890.00
Node Label
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10% AEP Coastal Flood Extent
(1 in 10 chance in any given year)
0.5% AEP Coastal Flood Extent
(1 in 200 chance in any given year)
0.1% AEP Coastal Flood Extent













05LSH00000 4.08 4.78 5.14
04LSH02422 3.99 4.72 5.16
04LSH01593 3.98 4.71 5.17
04LSH01214 3.96 4.70 5.17
Node Label























































































THE VIEWER OF THIS MAP SHOULD REFER
TO THE DISCLAIMER, GUIDANCE NOTES AND










10% AEP Fluvial Flood Extent
(1 in 10 chance in any given year)
1% AEP Fluvial Flood Extent
(1 in 100 chance in any given year)
0.1% AEP Fluvial Flood Extent
(1 in 1000 chance in any given year)













05LSH02164 3.85 4.13 4.44
05LSH01696u 3.85 4.12 4.43
01ABB01831 3.84 4.08 4.38
Node Label
10% AEP 1% AEP 0.1% AEP
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Appendix C. Assessment of Areas at Risk 
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14LSH00854 9564 Castleconnell 24.95   25.52   23.28 22.97 RISK RISK 
14LSH00250 9514 Castleconnell 24.15   24.72   26.08 20.53 NO RISK RISK 
13LSH00539u 9449 Castleconnell 23.46   24.08   24.68 22.80 NO RISK RISK 
13LSH00180u 9409 Castleconnell 23.28   23.96   19.66 20.07 RISK RISK 
12LSH03250 9364 Clareville Water Treatment Plant 23.05   23.70   12.28 10.94 RISK RISK 
12LSH02309 9275 Ballyvollane 22.52   23.22   8.52 8.39 RISK RISK 
11LSH01349 8986 Ballyvollane 9.53   10.14   8.19 8.53 RISK RISK 
11LSH01009 8939 Ballyvollane 9.52   10.13   7.12 7.65 RISK RISK 
11LSH00708 8909 Mulkear 9.52   10.13   11.61 7.89 NO RISK RISK 
09LSH02289 8811 Plassey Industrial 9.12   9.70   7.23 7.71 RISK RISK 
09LSH01315u 8693 University of Limerick 7.66   8.23   3.92 3.60 RISK RISK 
09LSH00325 8593 University of Limerick 6.46   7.10   5.57 4.33 RISK RISK 
09LSH00082u 8568 Ballykeelaun 6.38   6.94   5.90 6.26 RISK RISK 
09LSH00000 8555 Castletroy WWTP 6.36   6.92   5.28 6.10 RISK RISK 
07LSH00729 8422 Groody 6.18  6.76   5.46 6.04 RISK RISK 
07LSH00000 8361 Shannon Fields 5.94 5.16 6.58 5.66 5.50 5.61 RISK RISK 
06LSH01700u 8271 Athlunkard Bridge 5.18 4.91 5.88 5.41 8.60 8.03 NO RISK NO RISK 
06LSH01389 8218 Shannon Banks 4.88 4.86 5.30 5.36 5.72 4.44 NO RISK RISK 
06LSH01188 8195 Long Pavement 4.78 4.85 5.19 5.35 5.46 4.06 NO RISK RISK 
05LSH02164 8018 Long Pavement 4.13 4.78 4.44 5.28 2.00 3.58 RISK RISK 
05LSH01696u 7987 St Mary's Park 4.12 4.77 4.43 5.27 3.55 4.91 RISK RISK 
05LSH00697 7888 King John's Castle 3.94 4.75 4.18 5.25 5.50 4.25 NO RISK RISK 
04LSH02422 7790 Sarsfield Bridge   4.72   5.22 8.50 4.11 NO RISK RISK 
04LSH01991 7745 Shannon Bridge   4.72   5.22 7.89 6.21 NO RISK NO RISK 
04LSH01593 7706 Limerick Docks   4.71   5.21 4.78 4.42 NO RISK RISK 
04LSH01214 7667 Condell Road   4.70   5.20 4.12 4.52 NO RISK RISK 
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Ground Levels & Shannon CFRAMS Flood Levels
1% AEP Flood Level + CC (mAOD) 0.5% AEP Flood Level + CC (mAOD) North Bank Level (mAOD) South Bank Level (mAOD)

















Appendix D. Geotechnical Review 
 








Saint Mary’s Park 
A site investigation was carried out by Causeway Geotech and In Situ Site Investigation 
Limited in June 2014 to inform the design of the embankment improvements at Saint 
Mary’s Park, Limerick City. The site investigation included:  
• 16 static cone penetration test (CPTu); 
• Pore water dissipation tests; 
• Standard Penetration Tests (SPT). 
The following laboratory experiments were also carried out: 
• Classification: 
• Natural Moisture Content; 
• Atterberg Limits; 
• Particle Distribution Analysis (PDA); 
• Bulk Density; 
• Shear Strength & Consolidation 
• Unconsolidated Undrained Triaxial Test. 
The site investigation indicated a stratigraphy comprising soft to firm alluvial soils over 
gravelly deposits over layers of gravelly clay. 
  












Depth bgl to top of 
layer (m) 
Thickness (m) 
Min Max Min Max 
1 Clay Sandy Clay Surface 1.10 1.60 














7.80 9.20 1.70 2.80 
5 Bedrock Bedrock was not encountered during the investigation 
Additional site investigation works were carried out for the redevelopment of housing in 
the Saint Mary’s Park area. As part of this site investigation, the following tests were 
carried out: 
• 8 light percussion boreholes; 
• 4 trial pits; 
• 1 Permeability test; 
• 3 slit trenches. 
The following laboratory experiments were carried out: 
• Classification: 
• Natural Moisture Content; 
• Atterberg Limits; 




• water soluble sulphate content. 








The infiltration rate was calculated at 7.1 x 10-6 m/s, which indicated a low permeability 
fine grained soil. 
Strata 1 
The soft to firm brown sandy clay was noted at the two of the three boreholes and was 
encountered at surface level to a maximum depth of 1.50 m. 
The Causeway Geotech Ltd borehole log noted that the sandy clay was intersected by 
coarse sand lines and was sort to firm in places. CPT results indicate that the soils were  
Strata 2 – Alluvium Deposits 
The silty clay was noted at the three borehole locations at locations up to a maximum of 
7.5 m thickness. Particle distribution analysis indicated that the soil was typical composed 
of 53% silt and 47% clay particles, nothing retained in sieves above 63 µm.  
The borehole log indicated the presence of seams of fine sand.  
Strata 3 – Gravelly Deposit 
The gravelly deposit was encountered at all exploratory location and is predominately a 
granular deposit. CPT results identify the soils by the CPT results as medium dense to 
very dense sand or a stiff to a very stiff fine grained or clay. The borehole records describe 
the gravelly deposit as very clayey sandy sub-angular to sub-rounded fine to coarse gravel 
with low cobble content, with fine to coarse sand. 
Particle distribution analysis indicated that the soil was typically composed of between 
12% and 24% fines (clay content approximately 3%). 
Strata 4 – Gravelly Clay 
The gravelly clay was encountered at two of the three borehole locations, at a minimum 
depth of 7.90 m below the surface. Particle distribution analysis indicated that the soil 
was typically composed of between 12% and 24% fines (clay content approximately  
Brown clay was stiff to very stiff with high cobble content and fine to coarse gravel in 
the borehole log. 









Water was encountered in all three boreholes at a depth of between 2 m and 4.6 m below 
ground level. 
Site Overview 
The following tables present the results from the laboratory testing and the resulting 
design parameters from three soils identified onsite (sandy clay, silty clay and gravelly 
deposits). 
Table D-2: Summary of Laboratory Testing for St. Mary’s Park Site Limerick 
Property Units Sandy Clay Silty Clay 
Gravelly 
Deposit 
Moisture Content % 30 29 11 
Liquid Limit % 45 31 21 
Plastic Limit % 22 21 10 
Plastic Index % 23 10 11 
CPT Cone Resistance 
(Max) 




kPa  15.6– 51.3 
 
  








Orchard Site Kings Island Limerick 
This site is located in the Kings Island area on the same island as St. Mary’s Park of 
Limerick City. The site investigation works were carried out for a housing development. 
This site is. The investigation works included: 
• 9 Core Percussion Boreholes; 
• 6 Rotary Core; 
• 4 Plate Bearing Test; 
• 1 Shallow Trial Pit. 
Laboratory testing to confirm geotechnical properties was carried out following site 
operations: 
The following laboratory tests were carried out: 
• Classification: 
• Natural Moisture Content; 
• Atterberg Limits; 
• Particle Distribution Analysis (PDA) by wet sieve; 
• PDA by hydrometer; 
• Chemical: 
• Sulphate concentrations; 
• pH. 
The Kings Island site indicated that the site is made up of 2.5 m of made ground over 
gravelly clay from depths of 2.50 m to 7.30 m to 15.90 m. Limestone bedrock varies from 
7.30 m to 15.90 m.  
  












Depth bgl to top of 
layer (m) 
Thickness (m) 














0.50 2.50 1.00 7.00 
3 Bedrock 
Limestone Horizon varies from 7.30 m to 15.90 m BGL. 
3 m of core recovered at each location 
Strata 2 – Glacial Till 
The glacial till was encountered in all but one location (an obstruction stopped the 
excavation at 0.60 m at BH09). Alluvial deposits at the site comprise of silt and clay soils 
and were identified in all test locations from a minimum of 0.5 m to a maximum of 7.0 m 
below ground level. IGSL reported that the “stiff to very stiff gravelly glacial till at 3.00 
m below ground level can support an allowable bearing capacity of 250 kPa. 
The borehole log indicated the presence of stiff to very stiff light brown to brown 
sandy/gravelly silt/clay. PDA results indicate a smooth transition from the clay to gravel 
fraction, typical of glacially deposited till (or boulder clay). 
Groundwater 
Water was struck at four test locations of boreholes, with the highest level at 2.80 m below 
ground level. Water rising within the boreholes was slow with levels increasing between 




The following tables present the results from the laboratory testing and the resulting 
design parameters from the soils onsite at depths ranging from 1.0 to 3.0 m bgl. 








Table D-4: Summary of Laboratory Testing for Orchards Field 
Property Units Glacial Till 
Moisture Content % 17 
Liquid Limit % 33 
Plastic Limit % 14 
Plastic Index % 19 
Sulphate Content as SO4 mg/l 35 
pH - 8.47 
SPT N Blows 25 
Clonmacken Roundabout 
A site investigation was carried out by Webber Associates for a proposed roundabout at 
N18 Clonmacken, Limerick. The site investigation was carried out by Lankelma and 
included: 
• 15 static cone penetration test (CPTu); 
• 10 Mostap samples; 
• 5 dissipation tests; 
• 2 standpipe installations. 
The following laboratory experiments were carried out: 
• Classification: 
• Bulk density; 
• Natural Moisture Content; 
• Atterberg Limits; 
• Particle Distribution Analysis (PDA) by wet sieve; 
• PDA by hydrometer; 
• Shear Strength & Consolidation 
• Unconsolidated Undrained Triaxial Compression Test; 
• Isotropic Consolidation using Triaxial on Mostap Samples; 
• One Dimensional Consolidation Test in Odometer; 
• Chemical 
• Organic lay content by loss on ignition; 








• Soluble Sulphate on soil/water extract; 
• pH; 
• Soluble chloride. 
The stratigraphy at Clonmacken is shown in the table below. 




Depth bgl to top of 
layer (m) 
Thickness (m) 




















3.40 6.80 0.40 1.60 
4 
Bedrock Limestone bedrock was not encountered during the 
investigation 
Strata 2 – Alluvial Deposits 
The organic soils in Strata 2 were noted as very soft organic clays and were noted in 12 
test locations to a maximum of 2.1 m depth. Particle distribution analysis indicated that 
the soil was typically composed of 80% silt, 20% clay and sand.  
Alluvial deposits at the site comprise of silt and clay soils with silty sand lenses and were 
identified in all test locations from a minimum of 0 m to a maximum of 6.8 m below 
ground level. Materials were interbedded without vertical or lateral consistency.  
  








CPT results indicated that the soils were: 
• Very soft to firm clays; 
• Very soft sensitive fine grained; and 
• Very loose to loose sandy silt/silty clays. 
The borehole log indicated the presence of uncompact grey to pinkish grey fine 
sandy/gravely clayey silt. PDA results indicate that this deposit was typically composed 
of 70% silt, 30% clay and trace sand. 
Strata 3 – Glacial Deposits 
The glacial deposit as defined by Webber Associates was encountered in all exploratory 
locations and is predominately a granular deposit. CPT results identify the soils by the 
CPT results as medium dense to very dense sand or a stiff to a very stiff fine grained or 
clay. The borehole records describe the glacial till as medium dense grey sandy fine to 
coarse sub rounded 
Groundwater 
Groundwater monitoring at the site indicated that water was encountered at 1.46 m and 
1.73 m below ground level. 
Site Overview 
The following tables present the results from the laboratory testing and the resulting 
design parameters from two soils identified onsite (organic soils and alluvial deposits). 
  














Bulk Density Mg/m3 1.6 1.67 
Moisture Content % 100 60 
Liquid Limit % 117 69 
Plastic Limit % 27.1 35 
Organic Content % 9.6 4 
Sulphate Content at SO3 mg/l 108  
Soil/water extract SO4 mg/l 67 324 
pH - 4.8 - 8 7 
Chloride % <0.01 <0.01 
CPT Cone Resistance 
(Max) 
MPa 2 2 
Triaxial Undrained 
Shear Strength 
kPa 13  
Mv m2/MN 1.2  
Cv m2/yr 3  
Oedometer 
Consolidation 
m2/MN  1.8 
Isotrophic Consolidation m2/MN  1.1 
 
  



















γB kN/m3 15 16.5 19 
Based on typical 
values 
Φ' Degrees 25 25 28 
derived from CPT 
results 




100 Based on CPT 
mv m2/MN 1.2 1.1 0.1 Based on Lab results 
cv m2/yr 3 3 3-5 
Based on typical 
values 
cα - 0.025 0.025 0.025 
Based on typical 
values 
Eu MN/m2 5 10 20 
Based on correlations 
with cu 
E' MN/m2 1 5 10 












River Shannon Tunnel 
A number of site investigations were carried out to inform the design of the Limerick 
Southern Ring Road and Tunnel works. These investigations were carried out by Norwest 
Holst Soil Engineering Ltd and Geotech Specialist Limited and included: 
• 23 nr exploratory boreholes 
The following laboratory experiments were carried out: 
• Classification: 
• Bulk density 
• Natural Moisture Content 
• Atterberg Limits 
• PDA by hydrometer 
• Shear Strength & Consolidation 
• Unconsolidated Undrained Triaxial Compression Test 
The site investigation indicated a stratigraphy comprising made ground/topsoil overlying 
alluvial soils over Glacial Till.  




Depth bgl to top of 
layer (m) 
Thickness (m) 


















6.70 16.60 0.50 2.50 
4 Bedrock  11.1 15.6  
 








Strata 2 – Alluvial Deposits 
The soils in strata 2 were noted as soft to firm clayey silt and were encountered in all test 
locations to a maximum depth of 17.10 m deep. Alluvial deposits at the site comprised of 
silt and silty clays with peat lenses  
Strata 3 – Glacial Deposits 
The granular material was encountered in all exploratory locations.  
Site Overview 
The following tables present the results from the laboratory testing and the resulting 
design parameters from the alluvium deposits identified. 
Table D-9: Summary of Laboratory Testing for River Shannon Tunnel 
Property Units Alluvial Deposits 
Bulk Density Mg/m3 1.59 
Moisture Content % 84 
Liquid Limit % 95 
Plastic Limit % 44 
Plastic Index % 51 
Organic Content % 0 – 20  
Cv m2/yr 0.5 – 4.0 
 







Φ degrees 28 – 35 Based on Lab results 
cv m
2/yr 0.9 - 1.5 
Based on back 
calculated field 
cα - 0.00018w 
Based on typical 
values 
Cc - 
0.1 – 0.4 (for w 












Castletroy Wastewater Treatment Plant 
A site investigation was carried out by Priority Geotechnical Limited for the improvement 
works at Castletroy Wastewater Treatment Plant (WWTP) located adjacent to the 
University of Limerick. The site investigation included the following: 
• 3 nr Rotary Cored boreholes; 
• 3 nr Trial Pits; 
• 25 nr Standard Penetration Tests 
The following laboratory tests were also carried out: 
• Classification: 
• Natural Moisture Content; 
• Atterberg Limits; 
• Particle Distribution Analysis (PDA) by sieving; 
• Chemical 
• Loss on ignition; 
• pH; 
• Soluble Chloride. 
The site was characterised by deposits of slightly sandy slightly gravelly clay to depths 
between 3.2 m and 3.4 m below ground level (bgl). Deposits of sandy peat were also 
encountered below the clay to depths of 1.2 m to 2.3 m bgl. Cohesive deposits (clay/silt) 
were described as very soft to firm, with N values ranging from 2 to 19. 
Limestone was encountered at depths of 9.7 m to 13.6 m below ground level (bgl). No 
rock testing was carried out. 
  












Depth bgl to top of 
layer (m) 
Thickness (m) 

























Sandy Clay 2.00 2.50 0.90 1.30 







1.20 3.50 0.50 1.10 
7 
Bedrock Limestone bedrock. Slightly weathered encountered at 9.7 
m to 13.6 m bgl. 
No rock testing was carried out 
 
Strata 2, 3, 4 – Alluvial Deposits 
The soils in strata 2, 3 and 4 were noted as soft to firm clayey silt and were encountered 
in all test locations to a maximum depth of 3.4 m deep. Alluvial deposits at the site 
comprised of gravelly, sandy and silty clays with peat layers.  
PDA results indicate that this deposit was typically composed of between 38 % and 70% 
fines (silt & clay). 
Strata 6 – Glacial Deposits 
The granular material was encountered in all exploratory locations and very loose to loose 
granular deposits were encountered at rotary core 1. 









Groundwater was encountered during coring at all test locations and ranged in depth from 
2.30 m to 8.70 m bgl. There was slow inflow noted at the peat layers also. 
Site Overview 
The following tables present the results from the laboratory testing and the resulting 
design parameters from the soils identified onsite. 







Moisture Content % 21  168 
Liquid Limit % 41   
Plastic Limit % 24   
Plastic Index  17   
Organic Content % 2.01  27.6 
Sulphate Content as SO3 mg/l 11 7  
SO4 mg/l 14 8  
pH - 7.8 7.95  
 
  








University of Limerick Boathouse 
A site investigation was carried out by Glover Site Investigations Ltd in July 2005 to 
inform the design of a new boathouse building at the University of Limerick, Castletroy. 
The site investigation: 
• 3 nr rotary drilled boreholes; 
• 10 nr trial pits; 
• 1 nr standpipe installed. 
The following laboratory experiments were carried out: 
• Classification: 
• Natural Moisture Content; 
• Atterberg Limits; 
• Particle Distribution Analysis (PDA). 
 
• Chemical Testing 
• Loss on ignition; 
• pH; 
• Sulphate (as SO4). 
The site investigation indicated a stratigraphy comprising of made ground over alluvium 
deposits of soft sandy clays, and glacial soils of firm sandy gravelly clays and gravelly 
sands. Limestone was encountered between 13.30 m to 16.80 m below ground level (bgl). 
  













Depth bgl to top of 
layer (m) 
Thickness (m) 





















0.15 2.20 0.40 1.70 
4 Organic Peat 0.20 3.50 0.40 1.50 
5 
Bedrock Limestone bedrock was encountered at 13.30 m to 16.80 m 
bgl. 
Extracted rock core shows rock to be highly fractured 
 
Strata 2 – Alluvial Deposits 
The recent soils in Strata 2 were noted as alluvial/estuarine origins, comprising of soft 
sandy, clays with variable coarse-grained content, sandy gravels and gravelly sands, and 
was encountered at all trial pit locations. Alluvial deposits at the site comprise of silt and 
clay soils with silty sand lenses and were identified in all test locations from a minimum 
of 0.40 m to a maximum of 4.80 m bgl. It should be noted that the trail pit extended to a 
maximum depth of 4.80 m bgl, and as such, the clay layer may extend beyond this depth. 
Particle distribution analysis indicated that the soil was typically composed of 45% fines. 
Strata 3 – Glacial Deposits 
The glacial soils encountered during the site investigation were interlayered firm sandy 
gravelly clays and medium, becoming dense with depth, gravelly sands, and was 
encountered at all trail pit locations. 








The borehole records describe the glacial deposits as firm brown sandy fine to coarse sub-
angular gravel. 
Groundwater 
Groundwater was encountered as seepages near the base of two trial pits, and as strikes 
in the boreholes during exploration. 
Site Overview 
The following tables present the results from the laboratory testing and the resulting 
design parameters from three soils identified onsite (organic soils, alluvial deposits and 
glacial deposits). 
Table D-14: Summary of Laboratory Testing for University of Limerick 








Moisture Content % 14.5 15 637 
Liquid Limit % 32 38 691 
Plastic Limit %  20 315 
Plastic Index %  18 376 
Organic Content % - - 74.5 
Sulphur Content as SO4 mg/l 48 36 369 
pH - 7.5 7.5 6 
 
  








Limerick Smarter Travel Cycle Path 
A site investigation was carried out by Causeway Geotech in January 2015 and further 
site investigation works were carried out by IGSL in December 2015 to inform the design 
of the improvement works to the path which runs from Limerick City to the University 
of Limerick. The site investigation included:  
• 17 nr boreholes; 
• 17 nr dynamic probing; 
• 14 nr cone penetration tests; 
• Standard Penetration Test (SPT). 
The following laboratory experiments were carried out: 
• Classification: 
• Natural Moisture Content; 
• Atterberg Limits; 
• Particle Distribution Analysis (PDA); 
• Bulk Density. 
• Chemical Testing 
• pH; 
• Sulphate (as SO4); 
• Chloride; 
• Organic Matter. 
The site investigation indicated a stratigraphy comprising of made ground comprising 
sandy gravel and cobbles over alluvium deposits of sandy silt, silty sand, silty sand with 
gravel and occasional strata of sandy clay. 
  












Depth bgl to top of 
layer (m) 
Thickness (m) 



















Soft Grey silt 
(occasionally 
gravelly) 














Stiff to firm 
purple clay 




Silty fine to 
coarse grey 
sand (Loose) 









0.10 5.60 0.50 2.40 
8 Organic Peat 2.80 2.80 1.40 1.40 
9 Bedrock Bedrock was not encountered during the investigation 
There were layers of sandy peat with roots encountered. 
  








Strata 2, 3, 4, 5 – Alluvial Deposits 
The alluvial deposits at the site comprised of sandy silt, silty sand with some gravel 
content and occasional strata of sandy clay and were encountered at each exploratory 
location from a minimum of 0.10 m to a maximum of 6.0 m bgl. It should be noted that 
the trail pit extended to a maximum depth 6.0 m bgl, and as such, the clay layer may 
extend beyond this depth. 
Particle distribution analysis indicated that the soil was typically composed of 45% fines. 
Strata 6, 7 – Glacial Deposits 
The glacial soils encountered during the site investigation were silty fine to coarse loose 
grey sand, medium dense orange/light brown/brown silty sand. 
The borehole records describe the glacial deposits as firm brown sandy fine to coarse sub-
angular to sub-rounded gravel. 
Groundwater 
Water was encountered at 10 of the 17 borehole locations with the highest water level 
recorded at 1.60 m 
Site Overview 
The following tables present the results from the laboratory testing and the resulting 
design parameters from four soils identified onsite (sand, silt, clay and organic). 
Table D-16: Summary of Laboratory Testing for Limerick Smarter Travel Path  
Property Units Sand Silt Clay Organic 
Moisture Content % 25 23 35 119 
Liquid Limit % 28 31 43 79 
Plastic Limit % NP 22 23 NP 
Plastic Index % - 9 20 - 
Organic Content % 1.4 0.87 0.65 - 
Sulphate Content as SO4 mg/l 100 70 69  -  
pH - 7.7 8.7 9.35 - 
Chloride mg/l 20 20 53 - 
Table D-17: Design Parameters for Limerick Smarter Travel Path  










Units Sand Basis 
Φ' Degrees 37 




A summary of the results in this Appendix is given in Table D-18. 
 
 


























Appendix E. Geotechnical Analysis 
 








Primary Consolidation Settlement 
The primary consolidation settlement was estimated using both the Coefficient of Volume 
Compressibility (mV) and the Compression Index (CC) methods. 
Parameters 
The following parameters were established following a review of the geotechnical site 
investigations to determine the settlement as a result of increased loading arising from 
improvements to embankment height. 
Oedometer Consolidation tests were carried out as part of the site investigation works at 
Clonmacken. 
The parameters needed to calculate the consolidation settlement are: 
• Soil Profile 
• Coefficient of Volume Compressibility or the; 
• Compression Index; 
• Unit weight of soil; 
• Void Rations (e0 and e1) and  
• Proposed loading. 
Coefficient of Volume Compressibility  
The coefficient of volume compressibility (mV) is calculated from the oedometer and 
isotropic consolidation triaxial test results. The variation of mV with effective stress 
indicated in the figure below. 









Figure E-1: Plot of Coefficient of Volume Compressibility for Alluvial Soils 
(Webber Associates 2007) 
The dashed line is a best fit for the data indicated in the soil. The negative values in the 
image above are representative of swelling of the test material, resulting in an increase in 
the void ratio in the sample. 
A check on the mV values obtained using the graph above was carried out using the 
oedometer tests results carried out on the alluvial deposits encountered at the Clonmacken 
site. The tests were carried out across three boreholes on the alluvial deposits encountered 
and the change in void ratio in the test sample and pressure is graphed below. It should 
be noted that these tests did not include an unload sequence and only a 4-increment 
loading pattern. 
The slopes of the lines generated from the test results are similar, with test 2 and 3 being 
the most similar. The mV was calculated for each alluvial layer in soil profile 1 and was 
estimated using the increased embankment height. A comparison of the mV values 
obtained from the graph as prepared by Webber Associates and those calculated using the 
oedometer results (using Equation 3) is given in Table E-1 for profile 1 with an increased 
embankment height of 3.0 m. 

















mV = coefficient of volume compressibility (m
2/kN); 
ΔH = change in height of sample (m); 
H = height of sample (m); 
Δσ = change in stress (kN/m2). 
Table E-1: Comparison of mV values for Profile 1 with a 3.0 m embankment 
increase  





1 Under Topsoil 1.5 1.07 
2 Half of Clay Layer 1.1 0.60 
3 Under Clay Layer 1 0.41 
 
The calculated values only accounted for the average of three of the oedometer tests 
carried out (these were the only test where the raw data was included in the Webber 
Associates report), two of the other oedometer tests resulted in negative mV values. As 
such, the figures obtained using the graph were considered to best represent the soil 
characteristics as there was a larger number of results pooled to complete the analysis.  
Furthermore, the estimates of mV using the graph prepared by Webber Associates align 
with the estimates at the Bunratty Bypass site, which ranged from 1.7 to 0.5 (Connolly et 
al. 1990) for the alluvial deposits. Therefore, the values obtained from the graph were 
considered to be representative of the alluvial deposits encountered within the study area. 
  








Compression Index  
The Compression Index (CC) is calculated on results from the oedometer tests from the 
Clonmacken Site Investigation. There were three oedometer tests carried out on soil 
retrieved during the site investigation. The calculation of CC was carried using Equation 









CC = Compression Index; 
Δe = change in void ratio 
σ1 = stress after embankment increase (kN/m
2); and 
σ0 = initial stress (kN/m
2). 
Table E-2: Estimation of Compression Index Cc 
Parameter Unit Test 1 Test 2 Test 3 
e1 - 0.96 0.79 0.78 
e0 - 1.05 0.835 0.83 
σ1 kPa 161 161 160 
σ0 kPa 90 100 80 
  
   
Cc 
 
0.36 0.22 0.17 
  
   
Cc (average) - 0.25   
To validate this estimate, CC was calculated using the empirical correlation developed by 
Terzaghi and Peck in 1967 (McCabe et al. 2014). 












LL = Liquid limit. 
This correlation shows good correlation with the results across the study area shown in 
Figure E-2 across the study area. As can be seen from this image the estimated values of 
CC range from 0.196 to 0.328, with an average value of 0.25, which is the same value 
estimated from the oedometer test at Clonmacken. 
 
Figure E-2: Estimated Compression Index of alluvial soils encountered in the study 
area using empirical correlations 
The estimates compression index for alluvial soils encountered at the River Shannon 
Tunnel site ranged from 0.1 to 0.4 for moisture contents of 40% to 120% (Buggy and 
Curran 2011), and 0.2 to 0.5 for moisture contents of less than 70% from the report on 
the N18 Bunratty Bypass Ratty River Bridge, Eastern Approach (Connolly et al. 1990).  
The estimation of 0.25 for Cc is therefore considered to be representative of the alluvial 
deposits within the study area. 
Unit weight of soil 
The unit weight of the alluvial deposits encountered across the study site was assumed to 





































Both the mV and CC methods were used to predict the primary consolidation settlement in 
the soil profiles. 
Coefficient of Volume Compressibility Method 
Settlements using the mV method were estimated using Equation 6 below for each soil 
profile and load increase: 
𝑆𝐶 =  𝑚𝑉  𝐻 ∆𝜎′ 
Equation 6 
Where: 
mV = Coefficient of Volume Compressibility (m
2/MN); 
H = Height of the soil layer (m); and 
Δσ’ = change in effective stress (kN/m2). 
 
Table E-3 is a representation of the calculation carried out for each soil profile and 
increase in embankment height of 0.5 m. 










Under Topsoil 2.2 0.6 8 11 
Mid-depth of Clay 
Layer 
1.5 1.85 8 22 
Under Clay Layer 1.2 1.85 8 18 
Sum of Settlements (mm)   51 
 
Compression Index Method 
The primary settlement was also estimated using the compression index CC and inputting 
the parameters to Equation 7. 








𝑆 =  
𝐶𝐶𝐻







CC = Compression Index; 
H = Height of the embankment (mm); 
σ'1 = effective stress after embankment increase (kN/m
2); 
σ’0 = initial effective stress (kN/m
2); and 
e0 = initial void ratio. 
Table E-4 is a representation of the calculation carried out for each soil profile and 
increase in embankment height. 
Table E-4: Estimation of primary consolidation using CC method in Soil Profile 2 








Half of Clay Layer 0.25 1.041 8.55 141.1 149.1 27.2 
Under Clay Layer 0.25 1.041 8.55 282.2 290.2 14.4 
       
Sum of Settlements (mm)     42.7 
 
  









As outlined above, the predicted settlement in each soil layer was estimated using both 
the mV and CC methods and the results outlined in this section. 
Coefficient of Volume Compressibility Method 
The estimation of primary consolidation as a result of increasing the embankment height 
using the mV methods is shown in Table E-5. 
Table E-5: Prediction of primary consolidation (mm) with increased embankment 
height using mV 
 
Displacement (mm) 
0.5 m 1.0 m 1.5 m 2.0 m 2.5 m 3.0 m 
Profile 1 51 99 143 164 191 227 
Profile 2 96 191 277 369 410 472 
Profile 3 22 40 57 70 80 92 
Profile 4 94 184 250 334 405 462 
 
As predicted, the greatest settlements are predicted to occur following the greatest 
increase in loading. Furthermore, as can be seen from Figure E-3 the profiles where the 
largest settlements are predicted are Profiles 2 and 4. These profiles have the greatest 
depths of clays with the profile with the greatest depth of granular soils (Profile 3) 
demonstrating the lowest predicted primary consolidation.   










Figure E-3: Estimated Primary Consolidation with increased embankment height 
using mV Method 
Compression Index Method 
The estimation of primary consolidation as a result of increasing the embankment height 
using the CC method is shown in Table E-6. 
Table E-6: Displacement (mm) with increased embankment height using CC 
 
Displacement (mm) 
0.5 m 1.0 m 1.5 m 2.0 m 2.5 m 3.0 m 
Profile 1 48 85 116 143 167 189 
Profile 2 42 81 120 156 192 226 
Profile 3 28 48 64 77 89 98 
 
The highest settlements are predicted to occur following the largest increase in 
























Increase in Embankment Height (m)
Primary Consolidaton with Increased Embankment Height
Profile 1 Profile 2 Profile 3 Profile 4








greatest settlements are predicted are Profiles 2 and 4, which have the greatest depths of 
clays. As with the mV methods, the profile with the greatest depth of granular soils (Profile 
3) demonstrated the lowest predicted primary consolidation.  
 
Figure E-4: Estimated Primary Consolidation with increased embankment height 





















Increase in Embankment Height (m)
Primary Consoldation with Increase Embankment Hight using 
Cc
Profile 1 Profile 2 Profile 3 Profile 4








Estimation of Time of Consolidation 
The primary consolidation settlement was estimated using the Coefficient of 
Consolidation (CV) as gathered from the review of site investigation data within the study 
area. 
Parameters 
To determine the time to reach a degree of settlement as a result of increased loading 
arising from improvements to embankment height the following parameters and 
information are required: 
• Soil Profile; 
• Coefficient of Consolidation (CV); 
• Void Rations (e0 and e1). 
Coefficient of Consolidation (CV) 
The report prepared by Webber Associates following the site investigation at Clonmacken 
notes that the CV values ranged from 0.03 to 27.8 m
2/year based on laboratory testing 
carried out. The report does not differentiate between the soils encountered. 
These estimations of CV were compared with those obtained from the report on the 
Bunratty Bypass and River Shannon Tunnel which includes a review of parameters 
obtained from the Mallow Street site investigation. These estimations of CV ranged from 
0.35 to 2.6 m2/year, with Bunratty Bypass ranging from 0.35 to 1 m2/year (from both lab 
tests and back calculated from field settlement data), Mallow Street, Limerick from 0.5 
to 2.6 m2/year (derived from standpipe tests) and the River Shannon Tunnel ranging of 
CV from 0.5 to 2.5 m
2/year was derived. The range of back calculated radial coefficients 
of consolidation CV is from 0.8 to 1.5 m
2/year and the values for south of the Shannon 
being typically slightly above 1.0 and the reverse being true for sections north of the 
Shannon. A design value of 1.0 m2/year was selected for the River Shannon Tunnel 
project and was based on laboratory testing as well as back analysis of CV from nearby 
projects. There is agreement with the selected design value of 1.0 m2/year and the nearby 
case histories. 
From this, it was considered that a conservative estimate of CV of 1.0 m
2/year was 
considered to estimate the time of settlement in the proposed soil profiles.  








The layers of clays were considered to calculate the time of settlement, as the time for 
pore water to dissipate from these soils is lower than in the granular soils and will 
therefore give a higher rate of consolidation. The input parameters are outlined in Table 
C- 1. 
Table C- 1: Parameters for the estimation of settlement time 
 Profile 1 Profile 2 Profile 3 Profile 4 
d (m) 1.85 8.55 0.20 3.05 
T90 0.848 0.848 0.848 0.848 
CV  (m
2/yr) 1.0 1.0 1.0 1.0 
 
T90% is estimated from charts based on boundary conditions, distribution of stress in the 
soil layer and the degree of consolidation, which is the given a particular instant at time 
(90% in this instance) and depth of soil layer. 
Analyses 








t = settlement time 
TV = Time factor 
d = drainage path (m) 
CV = Coefficient of Consolidation (m
2/year) 
The drainage path for each profile, were assumed to be two way as layers are underlain 
by granular deposits in each ground profile.  
The time to reach 90% primary consolidation was considered in this study. 









The time to reach 90% primary consolidation in each soil profile is outlined in Table E-7 
below. 
Table E-7: Estimation of time to reach 90% primary consolidation 
 Profile 1 Profile 2 Profile 3 Profile 4 
t (year) 2.90 61.99 0.03 7.89 
 
  








Estimation of Bearing Capacity 
An analysis of the bearing capacity of the soils in the study area was carried out using 
parameters determined from both in-situ and laboratory results within the study area, 
along with empirical correlations.  
The soil profiles were typically made up of varying depths of clay over stronger deposits. 
The exception was St. Mary’s Park where the thin clay and stronger layers were underlain 
by second layer of clay. 
Due to the presence of clays in the soil profiles, the undrained shear strengths are 
considered to be of greatest importance and will govern the design and construction of 
the embankments. 
Parameters 
Shear Strength of the Soil 
Undrained strength of cohesive deposits may be determined from one of the following 
methods: 
• Atterberg Limits; 
• Correlations with Standard Penetration Testing (SPT); 
• In-situ Cone Penetration Testing (CPT); 
• Field borehole vane testing; and 
• Undrained Triaxial laboratory tests.  
Correlation to estimate the undrained shear strength of the soil using correlations with the 
Atterberg limits is given in Equation 9 (Vardanega and Haigh 2014). 




IL = liquidity index and is calculated as 














w = moisture content; 
LL = liquid limit; 
PL = plastic limit. 
Figure E-5 shows the variation of undrained shear strength with depth in the alluvial soils 
across the studied sites using the various methods of estimation.  
 
Figure E-5: Undrained shear strengths against depth of alluvial within the study 
area based on in-situ test carried out 
 
As can be seen from the figure above, the general trend is an increase of undrained shear 



















Undrained Shear Strength (kPa)
Undrained Shear Strength with Depth across Study Area
River Shannon Tunnel Triaxial Clonmacken Triaxial Cu Clonmacken CPT
St Mary's Pk Triaxial St Mary's Park CPT River Shannon Tunnel Vane
Clonmacken Atterberg St Mary's Pk Atterberg








ranging from 5 kPa to 20 kPa. The graph includes 203 estimates of undrained shear 
strength. 
Following a review of the design undrained shear strengths in alluvial soils considered in 
the River Shannon Tunnel and Bunratty Bypass, an undrained shear strength ratio 
(Cu/σv0’) of 0.3 was assumed for design at both sites along with Mallow Street in 
Limerick City Centre. 
 Using this ratio in the analysis of the undrained shear strength for design, the following 
design line was developed combining all the estimated undrained shear strengths.  
 
Figure E-6: Undrained shear strengths against depth with undrained shear 
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Undrained Shear Strength with Depths
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Figure E-6 indicated the undrained shear strength ratio provides represents a reasonable 
lower bound to the data. A number of data points lie well above the line in the upper 2.0 
depth reflecting the fact that the surficial desiccated crust is heavily over-consolidated.  
Using the slope of this line, and the undrained shear strength ratio of 0.3, the undrained 
shear strength at intervals of 1.0 m was determined and in outlined in Table E-8. 
Table E-8: estimated undrained shear strength in alluvial deposits with depth 
Depth (m) cu (kPa) Depth (m) cu (kPa) 
1 4.87 11 53.53 
2 9.73 12 58.39 
3 14.60 13 63.26 
4 19.46 14 68.13 
5 24.33 15 72.99 
6 29.20 16 77.86 
7 34.06 17 82.73 
8 38.93 18 87.59 
9 43.80 19 92.46 
10 48.66 20 97.32 
 
The drained shear strength parameters are included for comparison purposes, but the 
undrained shearing strengths are considered to be most critical to the design of the 
embankments on the alluvial soils encountered in the study area. The parameters below 
were obtained from the site investigation carried out at Clonmacken.  
Table E-9: Drained shear strength parameters of from soils encountered in the 
study area (Webber Associates 2007) 
 γ (kN/m3) c' (kPa) ϕ (°) 
Soft Clay 16.5 0 25 
Granular 19 0 28 
 









The undrained shearing strengths are considered to be most critical to the design of the 
embankments on the alluvial soils encountered in the study area due to the low 
permeability of these soils. 
The soil profiles being analysed are non-homogenous and non-isotropic comprising of 
soft clay overlying a stronger material. The equation used to estimate the undrained 
bearing capacity was established by Vesic and is given in Equation 11. 
𝑞𝑈 =  𝑐𝑈𝑁𝐶𝑚 +  𝛾𝑍 
Equation 11 
Where: 
cu = undrained shear strength of the soil (kPa) 
Ncm = a modified form of Nc depending on the ratio of the cu values of both materials, 
the thickness of the upper layer and the shape, depth and width of the foundation. This 
value is obtained from Vesic’s 1975 paper; 
γ = unit weight of the soil (kN/m3); and 
Z = depth to bottom of foundation (m). 
Ncm was determined by calculating the ratio of width against height (B/H) of layer and 
the undrained shear strength of the soils (cu2/ cu1). The loading resulting from a strip 
footing is considered representative of the loading of an embankment, as the length of the 
embankment (L) compared with the width (B) is greater than one (L/B ≥ 5).  
The table below is a sample calculation of the undrained bearing capacity. 
Table E-10: Soil Profile 1 Undrained bearing capacity parameters 
Location Depth (m) Cu (kPa) Cu2/ Cu1 B/H Ncm 
Under Clay Layer 4.3 19.46 5.14 0.70 5.14 
 
The drained bearing capacity of the soils was also considered for comparative purposes 
and was calculated as per Equation 12. 














qult = ultimate bearing capacity 
c = shear strength of the soil (kPa); 
Nc, Nq and Nγ = bearing capacity factors  
q = overburden pressure at the base of the embankment; 
B = width of the embankment; and 
γ = unit weight (kN/m3). 
The factors Nc, Nq and Nγ are as per Table E-11. 
Table E-11: Drained shear strength factors 
  ϕ = 28° ϕ = 25° 
Nc 25.8 20.7 
Nq 14.7 10.7 
Nγ 13.1 8.11 
 
Results 
The bearing capacity of the soil is dependent on the undrained shear strength, which was 
determined above, and increases with depth. Therefore, the depth at which the bearing 
capacity is being calculated will govern the undrained shear strength at that location. 
However, to determine the allowable bearing capacity of the soil, a factor of safety must 
be applied. Due to the nature of embankments and the lower sensitivity to settlements, a 
factor of safety of 1.5 is widely used, which results in a much lower allowable bearing 
capacity (qallow), as shown in Table E-12. 
 
Table E-12: Allowable undrained bearing capacity at depths in alluvial soils 













1.4 4.9 25.0 16.7 
4.3 19.5 100.0 66.7 
6.1 29.2 150.1 100.0 
11.8 53.5 275.1 183.4 
17.1 82.7 425.2 283.5 
 
The estimates of the drained bearing capacities of the soils in the study are given in Table 
E-13. 







Clay 200.72 133.8 
Granular soil 373.35 248.9 
 
It should be noted that the estimates of drained bearing capacities are based on limited 
information on the drained parameters in the area, as undrained parameters were 



















Appendix F. Hydrological Assessment  
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Audit Trail Report #8537 (Masters_001)
User ID: dryan@punchconsulting.com
Name: Ryan, Deirdre
Company: PUNCH Consulting Engineers
Address:
Report date & time: 17-05-2019 18:38
Start of Calculation: 05-12-2018 16:06
Decisions made by the user:
Decision User comment System information Date
3.1 Hydrograph pivotal site rejected Located upstream Station: 25017 BANAGHER 23-02-2019 12:17
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:22
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:22
3.4 Hydrograph inspected and adjusted N/A The user adopted the original PCD
hydrograph
23-02-2019 12:22
3.5 Hydrograph transferred to subject site N/A The user adjusted the subject site





3.1 Hydrograph pivotal site rejected Same Catchment Station: 25017 BANAGHER 23-02-2019 12:38
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:38
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:38
2 / 2
3.4 Hydrograph inspected and adjusted N/A The user adopted the original PCD
hydrograph
23-02-2019 12:38
3.5 Hydrograph transferred to subject site N/A The user adjusted the subject site





3.1 Hydrograph pivotal site rejected Shannon Catchment Station: 25017 BANAGHER 23-02-2019 12:45
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:45
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:45
3.4 Hydrograph inspected and adjusted N/A The user adopted the original PCD
hydrograph
23-02-2019 12:48
3.5 Hydrograph transferred to subject site N/A The user adjusted the subject site






















Contributing Catchment Area km^2 11580.324
Center Northing m 235950
Center Easting m 203250
Northing m 158179
Easting m 160406
A-Max series gap in years year
A-Max series number of years year
A-Max series number of usable years year
A-Max series end year year















































FSU Rating Classification A2
Drainage works year No
Contributing Catchment Area km^2 7980.4136
Center Northing m 270010
Center Easting m 203250
Northing m 215896
Easting m 200474
A-Max series gap in years year 0
A-Max series number of years year 34
A-Max series number of usable years year 34
A-Max series end year year 2004









































Subject rural QMED 326.79
Subject urban QMED 330.57
Pivotal gauged QMED 414.17
Pivotal adjustment factor QMED 1.27






14029 GRAIGUENAMANAGH U/S 47
07012 SLANE CASTLE 19
18002 BALLYDUFF 49
14018 ROYALOAK 51
16009 CAHER PARK 52
36019 BELTURBET 47















30061 WOLFE TONE BRIDGE 33
34003 FOXFORD 29
26005 DERRYCAHILL 51
36010 BUTLERS BR. 50













15004 MCMAHONS BR. 51
24082 ISLANDMORE 28
25021 CROGHAN 44
07007 BOYNE AQUEDUCT 45
25001 ANNACOTTY 49
27002 BALLYCOREY 51
18005 DOWNING BR. 50
29011 KILCOLGAN 22
15005 DURROW FT.BR. 49
18004 BALLYNAMONA 45
36011 BELLAHILLAN 49
18006 CSET MALLOW 27
18001 MOGEELY 48













Selected Flood Growth Curve


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Hydrograph Width Estimation Summary




Hydrographs are not available for this report because module 3 was not finished.
55 / 57
IBIDEM Plots and Tables
No IBIDEM plots were saved by the user.
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Audit Trail Report #8537 (Masters_001)
User ID: dryan@punchconsulting.com
Name: Ryan, Deirdre
Company: PUNCH Consulting Engineers
Address:
Report date & time: 17-05-2019 18:44
Start of Calculation: 05-12-2018 16:06
Decisions made by the user:
Decision User comment System information Date
3.1 Hydrograph pivotal site rejected Located upstream Station: 25017 BANAGHER 23-02-2019 12:17
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:22
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:22
3.4 Hydrograph inspected and adjusted N/A The user adopted the original PCD
hydrograph
23-02-2019 12:22
3.5 Hydrograph transferred to subject site N/A The user adjusted the subject site





3.1 Hydrograph pivotal site rejected Same Catchment Station: 25017 BANAGHER 23-02-2019 12:38
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:38
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:38
57 / 57
3.4 Hydrograph inspected and adjusted N/A The user adopted the original PCD
hydrograph
23-02-2019 12:38
3.5 Hydrograph transferred to subject site N/A The user adjusted the subject site





3.1 Hydrograph pivotal site rejected Shannon Catchment Station: 25017 BANAGHER 23-02-2019 12:45
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:45
3.3 Proceeded from hydrograph display N/A 23-02-2019 12:45
3.4 Hydrograph inspected and adjusted N/A The user adopted the original PCD
hydrograph
23-02-2019 12:48
3.5 Hydrograph transferred to subject site N/A The user adjusted the subject site
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Appendix G. Hydraulic Model Build 
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Flood Modeller – 1-D Network 
For the purposes of modelling in-channel flows in the River Shannon, it is necessary to 
construct a one-dimensional model (1-D) of the watercourse using Flood Modeller. The 
river channel details were taken from a river channel survey provided by the OPW for the 
purposes of this study. 
The model ran from the Black Bridge 140 m upstream of the WWTP facility to 500 m 
downstream of the treatment plant. The location of all 1-D cross-sections is shown in 
Figure G-1. 
 
Figure G-1: 1D model node locations relative to the WWTP 
The 1D river cross-sections were set with a roughness value of 0.055 in order to represent 
a channel and banks with weeds, stones and other vegetation. The linkage of the 1D model 
with the 2D floodplain model, which allowed for waters to ‘spill’ from the river to the 
floodplain is described below. 
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TuFLOW– 2D Network 
In order to assess the out–of-channel flood flow paths and flood risk in the vicinity of the 
treatment plant, a 2D hydraulic model is required. The software of choice was TUFLOW, 
and the ground model used in the 2D model was generated using LiDAR (Light Detection 
and Ranging) from the OSI. 
Ground Model 
To assess the out-of-channel flow paths, a detailed three-dimensional (3D) ground model 
was required. One of the principle sources of data used to generate the ground model was 
LiDAR data. LiDAR information of the areas was supplied by Building & Estates 
Department at the University of Limerick for the purpose of this study. LiDAR data with 
2 m horizontal resolution and approximately 200 mm vertical accuracy has been used to 
inform the hydraulic model with ground elevation in the floodplain areas.  
 
Figure G-2: LiDAR information used for Ground Model 
A detailed topographical survey of the embankment was carried out as part of the 
Limerick Smarter Travel project and this data is used in this study to create the existing 
embankment along the River Shannon at the Wastewater Treatment Plant Figure G-3. 
Appendix G 








Figure G-3: Location of the updated embankment survey along the River Shannon 
The embankment levels on the northern bank of the river are taken from the river cross 
sections.  
The Vertical Mapper component of MapInfo was used to generate a triangular mesh of 
the LiDAR data and used to interpolate between the points to generate an Ascii grid for 
TULOW. 
Study Area Characteristics 
The study area was classified into broad land use types based on the survey information, 
photographs of the surrounding area and aerial imagery. Each land classification was then 
assigned an appropriate Manning’s ‘n’ roughness value based on the ground surface or 
the density of the vegetation present. Table G-1 summarises the roughness values 
selected. The buildings within the study area were assigned a higher Manning’s ‘n’ value 
to simulate the impediment to flow at the buildings. Roads, footpaths and other hard-
standing areas within the floodplain were represented within the model using a Manning’s 
‘n’ value of 0.02. 
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Table G-1: Model Roughness 
Location Value 
Roads 0.025 
Floodplain, light brush 0.08 
Buildings 0.10 
Trees 0.1 
These values are industry standard and are the same as those used in the Shannon 
CFRAMS model prepared by Jacobs Engineering Group.  
Model Configuration 
Models were configured to assess the flood extents for the existing flows and 
embankment and the requirement for embankment improvement and the impact of 
climate change. The existing scenario included the embankments at their current height 
and profile, as shown in Figure G-4. 
Model Linkage 
The 1D and 2D models were constructed separately and were then linked and run as a 
single model within the Flood Modeller software. This 1D-2D Flood Modeller-TUFLOW 
linked model approach is considered the industry standard. Water was permitted to flow 
from the 1D model to the 2D model and vice-versa using HX (model connection) lines. 
Model Stability 
The model stability of the 1D Flood Modeller Network was within the manufacturer 
tolerance. 
For the stability of the 2D model, the Percentage Mass Error 14output from TUFLOW is 
checked following a model run. TUFLOW Mass Error reduces from approximately -
2.75% at the start of the model to approximately -2.2% for the remaining duration of the 
model. This is within the acceptable range of ±3% stipulated in the TUFLOW guidelines. 
 
14 Percentage mass error based on the volume of water flowing through the model since the previous time) 
Appendix G 







Model Assumptions  
The bridges upstream of the site were not included in the model. These structures may 
act as a throttle to flow and reduce the flood extents at the site. Given that changes to 
these structures may occur over time which may result in greater flow conveyance, not 
including these structures offer the most conservative result as all flows from the upstream 
catchment will enter the model. 
Model Results 
Existing Embankment Height, Current Flows 
To determine the impact of any embankment improvements on the flood extents, it is 
necessary to first determine the current flood reaches with the embankments at their 
current height (ranging from 6.04 to 6.30 mAOD along the study length). The results of 
this model simulation are shown in the figure below. 
 
Figure G-4: Existing Embankment Heights, Current Flow Flood Extents 
The modelling indicates, as per the CFRAMS maps, the site in within the flood extent. 
The current embankment height does not protection the treatment plant as anticipated. 
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The estimated flood level is 6.30 mAOD, which is at minimum 150 mm above the top of 
the existing embankment.  
The levels estimated in the flood model are in general agreement with the CFRAMS flood 
levels shown in the table below. 
Table G-2: Comparison of CFRAMS and Ryan Model Estimated Flood Levels 
 CFRAMS Flood Model adopted for study (Ryan, 
2020) 
Flood Level (mAOD) 6.36 6.30 
 
Impact of Increased Embankment heights under Current Flows 
As part of the embankment improvement programme, this area was identified as requiring 
urgent action to raise the embankment height. 
The embankment height was increased to levels ranging from 6.31 to 6.59 mAOD in the 
model and the model was rerun to determine the impact of the improvements (required) 
under the current design flows.  
 
Figure G-5: Increased Embankment Heights, Current Flow Flood Extents 
Appendix G 







As can be seen from figure above, the treatment plant is now protected by the 
embankment. 
Impact of Raised Embankment and Increased Climate Change Flows 
The impact of Climate Change was then investigated. The flow within the model was 
increased by 20%, and the model was rerun with the increased embankment height of 
6.31 to 6.59 mAOD.  
 
Figure G-6: Increased Embankment Heights, Increased Climate Change Flow 
Flood Extents 
As can be seen from the image above, the wastewater treatment plant is no longer 
protected, and the site is at risk of inundation. This again highlights the need to monitor 
the embankments continuously in vulnerable areas. 
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Additional Increased Embankment, Future Flows 
The height of the embankment was increased to between 6.75 and 6.98 mAOD in the 
model and the flows inclusive of climate change were simulated. The image below shows 
the impact of raising these embankments. 
The increased embankment height protects the site from inundation and the site is no 
longer within the flood extents.  
 
Figure G-7: Additional Increased Embankment Heights, Increased Climate 
Change Flow Flood Extents 
A similar strategy can be applied to the entire Limerick City area to protect areas currently 
at risk of flooding.  
 
 
